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ABSTRACT 
RESTORATION OF ERODED LANDS WITH BIOCHAR AS SOIL AMENDMENT 
IN SOUTH DAKOTA 
SAROOP S. SANDHU 
2016 
 
Biochar is produced from incomplete pyrolysis of plant biomass. Due to the unique 
properties of biochar such as a higher number of micropores, surface area and carbon 
content, and recalcitrant nature of carbon, biochar is hypothesized to improve physical 
and hydrological properties of soil. This study assesses the impact of biochar on soil 
organic carbon, physical and hydrological properties of two landscape positions under a 
corn (Zea mays L.)-soybean (Glycine max L.) rotation. Three types of biochar including 
corn stover, ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue, and 
switchgrass (Panicum virgatum L.) were applied in the field and compared with control 
and manure treatments. Data showed that biochar significantly affected the pH and labile 
carbon fraction at the eroded landscape position for 0-7.5 cm surface depth. Biochar can 
increase the pH of sandy loam acidic soil due to liming effect of biochar. The labile part 
of biochar may be degraded by microorganisms as suggested by significant differences in 
labile carbon of soil with biochar addition at the eroded landscape position. However, 
biochar, manure, and mixture of manure and biochar significantly impacted the 
hydrological properties of biochar. This suggested that specific properties of biochar 
including large number of inner pores and high surface area could be helpful to improve 
soil water retention (SWR) and water infiltration. Impacts of biochar varied for different 
years and soil types due to differences in feedstock used, and surface changes occurred in 
xi 
 
  
soil. Further field studies are required to determine changes in soil physical properties 
using higher rates than 10 Mg ha-1 (1% w/w) and different types of biochar. Also, long-
term studies are needed in the future to better understand the effect of biochar on soil 
properties and carbon fractions, and results from our study need to be evaluated under 
different climatic conditions.
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CHAPTER 1 
INTRODUCTION 
 
World population is increasing rapidly and expected to be 9 billion by 2015 (Lal, 
2013). Therefore, the pressure to feed this growing population has been increased which 
resulted in increased acreage under cropland. The intense management practices used in 
these croplands impact soil quality by reducing soil organic matter (SOM) (Middleton 
and Thomas, 1997) and the retention of water and nutrients (Stockdale et al., 2002). 
Addition of various sources of organic matter (OM) in these degraded soils is, therefore, 
necessary for the favorable soil properties to enhance crop and soil productivity. 
 Biochar is a pyrogenic carbon (C) and acts as alternative OM source produced 
from various organic materials such as animal manure, crop residues, and industrial 
woodchips by pyrolysis process in the absence of oxygen (Lehmann et al., 2006a). 
Biochar has the potential to ameliorate various physical and hydrological properties of 
soil due to its higher porosity (Hina et al., 2010; Liang et al., 2006a) and larger surface 
area (Van Zwieten et al., 2009b), and can act as a soil amendment. However, various 
factors such as pyrolysis conditions in which biochar is produced (Schimmelpfennig and 
Glaser, 2012) and type of feedstock used to produce biochar (Hina et al., 2010; Pereira et 
al., 2011) impact the functions of biochar. Bioenergy production system produces three 
products; bio-oil, syngas and biochar. Biochar material is a byproduct of bioenergy 
production. Biochar differs from charcoal in that the former is produced with the 
intention of application to soil rather than as fuel (Lehmann and Joseph, 2009).  
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Biochar has been proposed to have multi-functional roles such as C sequestration, 
mitigation of anthropogenic greenhouse gases, improvement of soil physical properties 
and nutrient levels, enhancement in crop productivity and adsorbent of other organic and 
inorganic pollutants as well as waste disposal (Lehmann et al., 2006a). Therefore, biochar 
is under rigorous evaluation by various scientists and researchers across the globe. 
However, sometimes biochar leads to priming of SOM or introduction of contaminants 
into the soil (Chan and Xu, 2009; Zimmerman et al., 2011). Biochar to use as a soil 
amendment depends upon feedstock selection, pyrolyzing conditions, associated volatile 
components. Biochar is generally resistant to decomposition by soil microorganisms as 
the C atoms of biochar molecule are strongly bound to each other. Therefore, biochar is a 
potentially valuable way of stabilizing and storing C in soils and is one way of removing 
CO2 from the atmosphere (Shackley et al., 2009). However, questions remains unknown 
as to whether other effects of biochar application could be long-lasting like C storage. 
Therefore, examining the influence of biochar across various soil-crop combinations and 
different management aspects is vital before advocating large-scale application of 
biochar.  
Soil physical quality plays a crucial role in improving soil chemical and biological 
environment (Doran and Parkin, 1994; Lal, 1999), and hence the crop productivity. 
Biochar when used as a soil amendment can improve soil physical properties such as bulk 
density, water holding capacity and drainage conditions because of higher porosity (Hina 
et al., 2010; Liang et al., 2006a), surface area (Van Zwieten et al., 2009a), and 
micropores of biochar (Mukherjee et al., 2011). Biochar can improve soil physical and 
hydrological properties, and hence can reduce soil erosion and runoff. The application of 
3 
 
 
 
biochar to the soil has been shown to have positive impact on soil water holding capacity 
(Chan et al., 2007; Glaser et al., 2002; Kammann et al., 2011; Mollinedo et al., 2015). 
However, some studies have reported negative or no changes on soil hydrological 
properties with biochar addition to soil (Abel et al., 2013; Kinney et al., 2012; Laird et 
al., 2010a). Effect of biochar on soil hydrological properties also depends on soil type to 
which biochar is applied. Tryon (2015) reported that available water content increased in 
sandy soil, decreased in clay soil, and had no impact in loamy soil with the addition of 
biochar. Mollinedo et al. (2015) reported an increase in soil water retention and plant 
available water with the addition of corn stover, pinewood, and switchgrass biochar 
types. 
Soil physical processes such as freezing and thawing, shrinking and swelling can 
reduce biochar particle size and it can leaches down through the soil or erodes as runoff 
(Jaffé et al., 2013). Therefore, to better understand the effects of biochar on soil 
properties, studies should be conducted by applying biochar in different soil types and 
landscape positions in different seasons. Furthermore, most previous studies analyzing 
the impact of biochar on soils were conducted in labs or greenhouses where the 
conditions are usually controlled (Dempster et al., 2012; Jones et al., 2010), and most of 
the these studies used higher amount of biochar; 50 to 100 Mg ha-1 (Chan et al., 2008), 
100 to 200 Mg ha-1 (Kammann et al., 2011). Application of higher rates of biochar in the 
soils may improve soil physical and hydrological properties, but may not be economical 
to the producers. Also, there are problems with the logistic application of larger amounts 
of biochar in field conditions. Therefore, an optimum rate of biochar depending upon 
various environmental and soil conditions is still need to be investigated. Since, biochar 
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is rich in C and has high stability in soil (Lehmann et al., 2009; Liang et al., 2010), it can 
be applied once in the soil. In contrast, other sources of organic matter such as manure 
can decompose rapidly in soil (Torn et al., 2005; Weerakkody and Parkinson, 2006), and 
contain low amount of C as compared to those of biochar. Therefore, it is important to 
test the potential of application of biochar and manure in the field to improve soil 
physical and hydrological properties. Moreover, testing the potential of biochar and 
manure in the field to improve soil physical and hydrological properties with lower rates 
is important in a cost effective way.  
Therefore, purpose of this study was to analyze the impact of different types of 
biochar on soil properties at two landscape positions. This study was divided into two 
sub-studies, each with a separate objective. 
Study 1. Analyzing the impacts of three types of biochar on soil carbon fractions and 
physical properties under a corn-soybean rotation. 
Study 2. Impact of three types of biochar on hydrological properties of eroded and 
depositional landscape positions. 
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CHAPTER 2 
LITERATURE REVIEW 
 
The conversion of natural ecosystems to agroecosystems increase soil erosion, 
decline in soil organic matter (SOM), and hence reduce soils and crop productivity (e.g., 
Davidson and Ackerman, 1993; Post and Mann, 1990). Intensive farming practices 
adopted under these converted agroecosystems can result in decreased soil organic 
carbon (SOC) and reduce crop productivity. Tillage operations mix and stir the soil that 
break down the soil aggregates and increase the decomposition of organic matter (OM) 
due to increased aeration and microbial activity. Moreover, the increase in corn prices has 
created increase in incentives for farmers to convert grasslands into corn cropping 
(Claassen, 2011; Rashford et al., 2011; Wallander et al., 2011), which subsequently 
reduced SOC. Malo et al. (2005) reported that cultivation of soil has caused significant 
decline in SOC in northern Great Plains in last few decades. Therefore, adoption of 
various conservation and improved management practices such as no-tillage (NT) 
farming, diverse crop rotations, cover crops planting and addition of manure and biochar 
are necessary to restore eroded lands by increasing SOC and to improve soil health, 
quality and productivity. Soils managed with NT retains more residue on the soil surface 
and alter SOC, availability of various nutrients and microbial activity in soils (Kumar et 
al., 2014; Thomas et al., 2007). Furthermore, application of various soil amendments 
such as organic manure, fertilizers and biochar can be effective to increase SOC (Wu et 
al., 2004; Yang et al., 2005). Addition of biochar in soil to improve SOC and various soil 
properties is recently been found to be effective because biochar can persist in soil for 
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many years due to its recalcitrant nature. This chapter will be focusing on the potential 
use of biochar as soil amendment in improving soil properties.   
 
2.1. Biochar production, composition and properties 
Biochar is produced by pyrolysis process using different feedstock types such as 
crop residues, animal waste, and industrial woodchips. During the pyrolysis process, the 
feedstock material is heated at high temperature ranging from 300-600°C in the absence 
of oxygen (Thies and Rillig, 2009). This process converts feedstock into three different 
components including biochar, bio-oil, and syngas. Bioenergy production provides 
renewable energy, and the use of bioenergy is increasing due to decline in the production 
of fossil fuels in the world (Denman et al., 2007). The interest in optimizing bio-oil 
production using fast pyrolysis seems to increase in the near future. Therefore, the 
production of biochar is expected to increase in the near future.  
Biochar is highly heterogeneous in nature and generally contains volatile 
compounds, labile and recalcitrant C, ash content, and moisture (Antal and Grønli, 2003). 
The C in biochar comprises aromatic compounds of six C atom rings (Downie et al., 
2009a). The total C content of biochar differs greatly due to feedstock selection and 
pyrolysis conditions and may range from 400 g kg-1 up to 900 g kg-1 (Antal and Grønli, 
2003; Chan and Xu, 2009; Gaskin et al., 2010). Hardwood feedstock pyrolyzed at high 
temperature leads to the highest C contents, while C contents of biochar are low when 
produced from manures. For example, in a study conducted by Gaskin et al. (2010) 
showed that biochar produced from pinewood chips at 500 oC by slow pyrolysis contain 
817 g kg-1 C content, whereas biochar produced from poultry manure ended up with 399 
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g kg-1 C content. Biochar may contain small to large labile carbohydrates fraction 
depending upon the pyrolysis conditions and feedstock. All biochars do not possess the 
same properties even when derived from the same feedstock since many factors including 
pyrolysis conditions such as time of charring, temperature, and pressure and feedstock 
type affect the biochar properties (Mukherjee, 2011; Mukherjee et al., 2011; Zimmerman, 
2010). Many important properties of biochar such as water and nutrient retention and 
total surface area are affected by pore size distribution in biochar, and those are affected 
by pyrolysis conditions during biochar production and type of feedstock used (Downie et 
al., 2009a). During pyrolysis, extensive pore network of biochar is created by the loss of 
volatile organic compounds which creates the pores. Pore size distribution of biochar 
encompasses all types of pores including macropores, mesopores and macropores and are 
highly variable in shapes (Downie et al., 2009a).  Macroporosity in biochar may be due to 
vascular architecture while the original structure of plant material used as feedstock is 
retained in biochar (Verheijen et al., 2010a). Biochar produced from herbaceous 
feedstock tends to contain lower proportions of mesopores and macropores and exhibit 
smaller surface area (SA) compared to the biochar produced from woody biomass 
(Downie et al., 2009a). During dihydroxylation of feedstock biomass during pyrolysis 
process, the loss of water molecules leads to the formation of micropores in biochar 
(Atkinson et al., 2010; Bagreev et al., 2001). Capacity of biochar to adsorb OC and other 
minerals depend upon the microporosity and SA of biochar (Atkinson et al., 2010). In 
general, SA of biochar increases with an increase in temperature of reactor during biochar 
production. Studies reported that the biochar produced at lower temperature has lowest 
SA, and that produced at intermediate temperature around 650-850°C has the highest SA, 
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and SA of biochar decreases again when biochar produced at temperature above 1000°C 
(Aarna and Suuberg, 1998; Brown et al., 2006; Lua and Guo, 1998). The mechanisms for 
increase in SA with increase in temperature are not well understood yet. However, it is 
hypothesized that presence of tar come from feedstock biomass during pyrolysis process 
may fill the pores of biochar at lower temperature and will reduce the SA of biochar. 
When the temperature increases, volatilization of tar components will occur, so SA of 
biochar will increase as the pores become accessible at intermediate temperature (650-
850°C). With further increase in temperature can collapse the micropores structure and 
SA will decrease at higher temperature. Properties of biochar affect the role of biochar as 
soil amendment. Key properties of biochar are presence of higher number of micropores, 
larger surface area, high C content, and recalcitrant nature of biochar (Braida et al., 2003; 
Mukherjee, 2011; Nguyen et al., 2004; Rutherford et al., 2008). All these properties of 
biochar affect pore size distribution (PSD), bulk density (BD), water holding capacity 
(WHC), and aggregate stability of soil.  
 
2.2. Biochar impacts on soil properties 
2.2.1. Soil organic carbon 
Application of biochar produced from various crop residues has been proposed a 
way to increase C storage in soil (Fowles, 2007; Lehmann et al., 2006a; Major et al., 
2010), while reduce greenhouse gases (GHGs) emissions from soils (Major et al., 2010). 
In general, the recalcitrant nature of C present in biochar may not support microbial 
activity, and therefore, biochar can persist in soils for years and represent a long-term C 
sink in the soil (Kuhlbusch, 1998; Rumpel et al., 2006). However, labile part of biochar 
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can be utilized by microorganisms (Zimmerman, 2010). Storage of C in soils depends on 
biomass types, pyrolysis conditions, soil type, climatic conditions, and soil physical 
properties in which biochar is applied (Jones et al., 2011; Rogovska et al., 2011; Van 
Zwieten et al., 2009a). Estimates suggest that around 0.05–0.2 Pg (1015 g) C yr−1 of 
charcoal are stored annually in soil (Kuhlbusch, 1998; Lehmann et al., 2006a; Nguyen et 
al., 2009). Other studies have reported that crop yields can be increased when biochar is 
applied together with inorganic fertilizers compared to pure inorganic fertilizers (Chan et 
al., 2008; Steiner et al., 2008). Moreover, many studies have reported that the application 
of biochar in soils can be helpful to reduce anthropogenic GHGs such as methane 
(Spokas and Reicosky, 2009), carbon dioxide and nitrous oxide (Singh et al., 2010; 
Spokas and Reicosky, 2009; Yanai et al., 2007). Although, biochar is assumed to be 
recalcitrant in nature but microbial decomposition of labile part of biochar can occur. 
Several characteristics of biochar like recalcitrant nature, higher C content, large number 
of micropores and higher SA potentially influence the effect of biochar on SOC (Downie 
et al., 2009a). 
 
2.2.2 Soil physical and hydrological properties 
Application of biochar in soils has shown to improve the soil physical and 
hydrological properties due to larger SA and higher number of pores of biochar. Density 
of biochar is low compared to that of soil, and hence, biochar application to soil can 
decrease the BD of soil (Jones et al., 2010; Laird et al., 2010b). Some studies have 
reported that the 2% (w/w) application rate of biochar can decrease BD of soil (Busscher 
et al., 2011; Novak et al., 2012). Mankasingh et al. (2011) reported that BD of soil 
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decreased from 1.66 to 1.53 g cm-3 with biochar application. Similarly, Laird et al. 
(2010b) from an incubation study showed that biochar application significantly lowered 
the BD of soil compared to that of control (no biochar). Soil hydrological properties such 
as infiltration rate, hydraulic conductivity, and soil water retention (SWR) can be 
impacted by biochar application in soil (Jones et al., 2010; Laird et al., 2010b; Uzoma et 
al., 2011a). Soil water availability is a key factor in determining agricultural productivity 
world-wide which is impacted by various management practices and climatic fluctuations 
(e.g., Bates et al., 2008). The ability of biochar to (i) absorb water and nutrients, (ii) 
increase WHC (Brockhoff et al., 2010; Pietikäinen et al., 2000), and (iii) increase the C 
content of soil can be helpful to improve crop yields and soil quality (Chan et al., 2007; 
Glaser et al., 2002; Steiner et al., 2008). Biochar amended soils can retain more water 
compared to soils those are unamended due to the presence of higher number of 
micropores and larger SA of biochar (Mollinedo et al., 2015). Moreover, some studies 
reported that biochar is hydrophobic in nature which can have adverse impacts on plant 
growth and soil hydrological properties (Doerr et al., 2000). Therefore, it is important to 
consider the possibility that biochar applications may introduce hydrophobic compounds 
into the soil. Biochar applications can increase SOC, which can increase the water 
availability. Furthermore, biochar application can cause changes in nutrient levels, 
electrical conductivity, pH, and cation exchange capacity of soils (Amonette and Joseph, 
2009; Gundale and DeLuca, 2007; Liang et al., 2006a; Warnock et al., 2007). 
 
2.3. Research gaps 
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Most of the previous studies have been conducted in controlled greenhouse or lab 
conditions. Moreover, most of the studies have used higher amount of biochar ranging 
from 20 Mg ha-1 to 200 Mg ha-1. However, there are major constraints about the logistics 
of applying larger amounts of biochar in the field conditions due to difficulty of getting 
enough biochar to apply in the field and due to higher cost involved in producing biochar 
from the feedstock. Very few studies have been conducted in field conditions under corn-
soybean rotation managed under different (eroded and non-eroded) landscape positions. 
Different types of biochar may behave differently in different soil types and climate 
conditions. Therefore, investigating the influence of different types of biochar on SOC 
and other soil properties under different soil types and environmental conditions is 
necessary to understand the potential use of biochar as a soil amendment. 
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CHAPTER 3 
ANALYZING THE IMPACTS OF THREE TYPES OF BIOCHAR ON SOIL CARBON 
FRACTIONS AND PHYSICAL PROPERTIES UNDER A CORN-SOYBEAN 
ROTATION 
ABSTRACT 
Biochar is a soil amendment produced from incomplete pyrolysis of agriculture 
waste, animal manure, industrial wood by-products, green manures, and other organic 
materials in the absence of oxygen. The role of biochar on soil physical properties and 
organic carbon has been investigated in many studies, however, most of the studies are 
generally conducted in controlled conditions such as lab or greenhouse environment. 
Therefore, objective of this study was to evaluate the influence of three different types of 
biochar on soil physical properties and carbon (C) fractions under two selected soil types 
in a corn (Zea mays L.)-soybean (Glycine max L.) rotation. The three plant based biochar 
materials used for this study were produced from C optimized gasification of corn stover, 
ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue, and switchgrass 
(Panicum virgatum L.). These biochar types were applied to a Maddock soil located in an 
eroded upper landscape position and a Brookings soil located in a depositional landscape 
position. Data showed that biochar treatments significantly increased the pH of soil at the 
eroded landscape. In general, biochar treatments had mixed effects on labile C fraction 
for the 0-7.5 cm depth. These effects of biochar on labile C were associated with biochar 
type and varied in different soil types. Different biochar types had no significant effects 
on the recalcitrant C of soil. Overall, results showed that 10 Mg ha-1 biochar applied to 0-
7.5 cm depth of soil can increase the pH and labile C fraction of sandy loam soil. 
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Additional field studies examining rates higher than 10 Mg ha-1 of biochar are 
recommended to evaluate changes in soil physical and chemical properties under 
different environmental conditions. 
 
INTRODUCTION 
Biochar is a soil amendment that is produced from the incomplete pyrolysis of 
agriculture waste, animal manure, industrial wood by-products, green manures, and other 
organic materials in the absence of oxygen (Lehmann and Joseph, 2015). Biochar differs 
from charcoal in that the former is produced with the intention of application to soil 
rather than for use as a fuel (Lehmann and Joseph, 2009). Due to the potential multi-
functional roles of biochar such as carbon (C) sequestration, improvement of soil 
physical properties and nutrient level, mitigation of anthropogenic greenhouse gases 
(GHGs), and adsorbent of other pollutants, biochar is under rigorous evaluation by 
various scientists and researchers. However, in many cases, it is not possible for all 
benefits to be simultaneously maximized, and negative effects such as priming of soil 
organic matter (SOM) or introduction of contaminants into the soil may occur (Chan and 
Xu, 2009; Zimmerman et al., 2011). Typically, soil amelioration with biochar has been 
presented as a multiple ‘win’ strategy, although it can also be associated with potential 
risks such as environmental pollution. The feedstock selection, pyrolyzing conditions, 
activation, and associated volatile components of biochar affect the purpose of biochar as 
a soil amendment, potential to interact with pollutants, and stabilization of carbonaceous 
mixtures. The C atoms in biochar molecule are strongly bound to each other, which limits 
accessibility to microorganisms making biochar resistant to decomposition (Rumpel et 
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al., 2006). In contrast, the C in most of the organic matters is rapidly returned to the 
atmosphere as CO2 through respiration (between 1 and 5 years). Consequently, biochar is 
a potentially highly valuable way of stabilizing and storing C in soil and has been 
proposed a way of removing CO2 from the atmosphere for mitigating climate change 
(Shackley et al., 2009). However, some studies documented that microorganisms may use 
the labile C fraction of biochar for their functioning (Zimmerman, 2010). 
Properties of biochar vary depending on feedstock and production conditions such 
as charring time and temperature (Mukherjee, 2011; Mukherjee et al., 2011; Zimmerman, 
2010). Also, there are some questions whether the application of biochar to soils could be 
used as long-term C storage for climate change mitigation. Therefore, testing across a 
broad spectrum of soil-crop combinations and different management aspects are crucial 
before large-scale application of biochar can be advocated. The key properties of biochar 
are high porosity and large surface area (Braida et al., 2003; Rutherford et al., 2005). 
Biochar is a desirable material to attract and retain water, and therefore, nutrients and 
agrochemicals can be retained on it which are suitable for better growth of plants. These 
properties could potentially alter soil bulk density (BD), water holding capacity (WHC), 
surface area (SA), and pore size distribution (PSD).  
Soil physical properties are equally important as soil chemical and biological 
properties for enhancing crop productivity. The fertilizer and water from the soils can be 
easily wasted if the soil physical properties are below critical levels. Soil physical quality 
plays a crucial role in improving the soil chemical and biological environment (Doran 
and Parkin, 1994; Lal, 1999). Biochar ameliorates the soil physical properties such as 
BD, and drainage conditions because biochar generally has higher porosity (Hina et al., 
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2010; Liang et al., 2006a), higher inner surface area (Van Zwieten et al., 2009a), and 
larger number of micropores (Mukherjee et al., 2011).  In addition, biochar application 
has potential to improve soil water holding capacity (Chan et al., 2007; Glaser et al., 
2002; Kammann et al., 2011), and to decrease BD (Jones et al., 2010) to create a better 
environment for plant root growth, roots penetration, and nutrient and water uptake. 
Previous lab studies showed that corn stover biochar, switchgrass biochar and pinewood 
biochar can significantly increase the pH of acidic soils (Chintala et al., 2014a). 
Therefore, the present study was conducted with the specific objective was to access the 
impacts of three types of biochar application on soil physical properties, and changes in 
soil C and N fractions under field conditions at two selected landscape positions in a 
corn-soybean rotation. The results from this study can be useful to fill the knowledge gap 
regarding the potential of biochar to ameliorate soil physical properties and C fractions in 
field conditions and predicting the role of biochar to sequester C in the global C cycle.  
 
MATERIALS AND METHODS 
 
Experimental Site Description and Treatments 
The study site was located near Brookings, South Dakota (SD). The experimental 
site consisted of two selected landscape positions namely eroded (shoulder) and 
depositional (footslope), and treatments were initiated in 2013. In the first year, three 
plant based biochar materials produced from C optimized gasification of corn stover (Zea 
mays L.) (CS), ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue 
(PW), and switchgrass (Panicum virgatum L.) (SG), were applied at a rate of 10 Mg ha-1 
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within the top 7.5 cm soil depth and mixed with rototiller to a Maddock soil (sandy, 
mixed, frigid Entic Hapludolls) located in an eroded upper landscape position (shoulder) 
and a Brookings soil (fine-silty, mixed, superactive, frigid Pachic Hapludolls) located in a 
depositional landscape position (footslope).  
The experimental plot size was 4.5 m by 6 m, and the cropping system was a 
corn-soybean rotation for both the landscape positions. Corn variety Mycogen 2J340 was 
planted in 2013 followed by soybean variety Asgrow AG1234 in 2014. The four 
treatments were laid in a randomized complete block design with four replications. All 
three biochar treatments along with control (CNT, no biochar amendment) were applied 
in 2013 at both the landscape positions.  
 
Production and Characterization of Biochar 
The CS, SG, and PW were produced using C optimized gasification with reactor 
temperatures ranging from 150 to 850°C and a residence time of 4 hr and 4 minutes 
(Biochar Solutions, Inc, Carbondale, Colorado, USA). The three biochar types were 
selected for this study due to their availability and potential to be the bioenergy feedstock 
in South Dakota, USA. The basic characteristics of these three biochar types used in this 
study are provided in Table 3.1. The charred materials were highly alkaline (the pH of CS 
= 10.0, SG = 10.8, and PW = 9.3) with high ash content (459 g kg-1, 458 g kg-1, 397 g kg-
1) and C:N ratio of 117:1, 110:1, and 166:1 for CS, SG, and PW, respectively (Chintala et 
al., 2014b). More detailed information about biochar production and characteristics can 
be found elsewhere in Chintala et al. (2014b).  
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Soil Sampling, Processing, and Analysis 
Soil samples were collected three times: after planting and harvesting of corn in 
2013, and after harvesting of soybean in 2014 using soil auger from 0-7.5 and 7.5-15 cm 
soil depths under three locations in each plot and composited for the respective depth at 
both landscape positions. In addition, intact core samples of a 5 cm diameter and 5 cm 
length were also extracted from 0-7.5 and 7.5-15 cm depths for the determination of BD. 
Core samples were not taken from eroded shoulder landscape after the planting of corn in 
2013 because the soil was a sandy loam and was too dry to extract intact core samples at 
the time of sampling. Soil auger and core samples were sealed in plastic zip-lock bags, 
transported to the lab, and stored at 4°C pending analysis. Soil was air dried and sieved 
through 2-mm sieve to analyze various soil properties. Further, soil was sieved through 1-
mm sieve to determine aggregate stability of 1-2 mm sized fraction of soil.  
The BD was determined using the core method (Grossman and Reinsch, 2002) for 
the 0-7.5 and 7.5-15 cm depths. Aggregate stability of soil was measured for the similar 
depths using the wet sieving method (Kemper and Rosenau, 1986) for 1-2 mm sized 
fraction of soil aggregate samples. Briefly, 3 g sample of 1-2 mm size soil was weighed 
and placed into a humidifying chamber for 20-30 minutes until saturated with moisture. 
The saturated samples were allowed to oscillate for 5 minutes. The fine soil material 
passed through the sieves was removed and placed in an oven for dry weight 
determination. The soil retained in the sieves was disintegrated using sonifier and 
weighed for stable aggregates determination after making sand corrections. Electrical 
conductivity (EC) and pH were measured using Orion star pH and EC meter using 1:2 
soil: water ratio. The C fractions (labile and recalcitrant) and N fractions (labile and 
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recalcitrant) were analyzed using cold and hot water extraction methods. Cold- water 
extracts (CWE) were obtained according to method described by Gregorich and Janzen 
(1996). Briefly, 3 g of soil was shaken with 30 mL water for 30 minutes at 40 rpm. After 
shaking, the suspension was centrifuged at 3000 rpm for 20 minutes and the supernatant 
was filtered using 0.45 µm pore size syringe filters. Hot water extracts (HWE) were 
obtained by the method described by Ghani et al. (2003). It involves shaking 3 g of soil 
with 30 mL water 16-24 hours in the hot water at 80°C and 80 rpm. After cooling down 
to room temperature, the suspension was centrifuged at 3000 rpm for 20 minutes, and the 
supernatant was filtered using 0.45 µm pore size syringe filters. The concentration of 
labile C and N (CWE), and recalcitrant C and N (HWE) were measured using TOC-L 
analyzer with TN module (Shimadzu Corporation, model- TNM-L-ROHS). 
 
Statistical Analysis 
 A test for the homogeneity of variance was conducted to evaluate the variability 
of soil properties within different biochar types at each landscape position. An estimate 
for the least significant difference (Duncan’s LSD) among treatments was obtained using 
the ‘Mixed procedure’ in SAS (2007), in which biochar treatments were considered as 
fixed effect and replications considered as random effect. Statistical differences were 
declared significant at α  0.05 level.  
 
RESULTS AND DISCUSSION 
Soil pH and Electrical Conductivity 
25 
 
 
 
Application of three different types of biochars did not affect soil pH for both 0-
7.5 and 7.5-15 cm depths after corn planting in 2013, after corn harvest in 2013, and after 
soybean harvest in 2014 at the depositional landscape position (Table 3.2). Biochar types 
applied to the soil were highly alkaline with pH ranging from 9.3 to 10.8 (Table 3.1). 
However, soil pH did not respond to biochar treatments at depositional landscape 
position. In the soil incubation studies, amendment of acidic soils with crop residue 
biochar resulted in a liming effect similar to that of lime (Masud et al., 2014). However, 
lack of pH response in our study could be attributed to the buffering effect of clay soil 
under the field conditions. Yuan et al. (2011b) observed that biochars produced from 
straws of canola (Brassica napus), corn, soybean, and peanut (Arachis hypogaea) had 
higher oxygen-containing functional groups which were responsible for the negative 
charges of these biochars. Although, the biochars used in the present study had similar 
alkaline properties which did not contribute to statistically detectable liming effect in 
these soils probably due to the buffering effect of clay soil to the small amounts of 
biochars applied. Similarly, there were no significant differences in soil pH at 7.5-15 cm 
depth which could also be related to lower mobility of biochar in soils since biochars 
were applied only at 0-7.5 cm soil depth.  
At the eroded landscape, pH of the soil was slightly acidic compared to that of 
depositional landscape for both the years. The differences in pH could be attributed to 
differences in the soil type. After corn planting in 2013, addition of biochar increased the 
soil pH slightly for both depths but the increase was not statistically different for both 0-
7.5 and 7.5-15 cm depths (Table 3.2). However, CS and SG significantly increased soil 
pH after corn harvest in 2013 and soybean harvest in 2014 compared to CNT for 0-7.5 
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cm depth. The increase in pH was 10 and 9% higher for CS and SG treatments, 
respectively, after corn harvest in 2013, and 8 and 11% higher after soybean harvest in 
2014. The observed changes in soil pH after biochar treatment for 0-7.5 cm soil depth 
suggest a liming effect of biochar as biochars used in this study were highly alkaline in 
nature (Table 3.1). The liming effect of biochars in highly acidic soils has also been 
observed by other researchers, and was attributed to high negative charged functional 
groups which make them chemically active and high capacity to bind Al3+, and H+ ions 
from the soil leading to their immobilization and increase in soil pH (Berek, 2014). It has 
also been suggested that biochar releases basic cations and CaCO3 which can neutralize 
the acidity and increase the pH of the soil (Chintala et al., 2014a). Chintala et al., (2014a) 
in an incubation study showed that corn stover and switchgrass biochars significantly 
increased the pH of acidic entisols. The increase in soil pH has also been attributed to 
decrease in the Al saturation in the soil. In a meta-analysis study of the effect of biochar 
on productivity and nutrient cycling, Biederman and Harpole (2013b) observed that 
changes in soil pH associated with biochar treatment tended to be a function of both 
initial soil pH and the pH of biochar. Similar to the findings in this study, acidic soils 
showed greater pH response to biochar than alkaline soils, and also the effect of biochar 
tended to be more pronounced for alkaline biochar (Biederman and Harpole, 2013a). 
Other studies have also shown that the incorporation of charred materials from biomass 
burning have the ability to increase the soil pH of the acidic soils (Glaser et al., 2002; 
Van Zwieten et al., 2010; Yuan et al., 2011a; Yuan and Xu, 2011). 
At the depositional landscape, incorporation of CS significantly decreased the EC 
(µS cm-1) of the soil after corn planting in 2013 for the 0-7.5 cm depth, but other two 
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biochars had no effect on EC (µS/cm) of soil (Table 3.3). Also, application of biochar had 
no significant effect on EC (µS cm-1) at deeper soil (7.5-15 cm) depth. Moreover, there 
were no significant differences in EC for soil samples collected after corn harvest in 2013 
and after soybean harvest in 2014 (Table 3.3).  At eroded landscape, EC (µS cm-1) of soil 
was higher with application of SG after the corn planting in 2013 for the 0-7.5 cm soil 
depth when compared to CS and PW, however, the increase in EC was not significant 
when compared to CNT (Table 3.3). The EC with biochar application was not 
significantly different probably because the initial EC of soil was low as less soluble salts 
were present in the soil and increased leaching in the sandy texture soil material. 
Moreover, the biochar rate of 10 Mg ha-1 might be low to observe significant changes in 
soil having a low initial EC. Response of EC to biochar could probably be a reflective of 
the exchangeable metals composition of the biochar. Biochars can be an electron donor or 
receptor due to its dual nature, so biochars could act as both a source and sink of charge 
in the soil (Joseph et al., 2013; Qu and Shi, 1998; Zhang et al., 2011). The annual 
comparison indicated that the EC (µS cm-1) was significantly higher after corn harvest in 
2013 for the top 0-7.5 cm soil depth at both landscape positions, while the EC (µS cm-1) 
was generally lower for all treatments in the 7.5-15 cm depth after soybean harvest in 
2014.  
 
Bulk Density and Aggregate Stability 
At the depositional landscape, BD (Mg m-3) of soil was not significantly 
influenced by any biochar treatments after corn planting in 2013, and after soybean 
harvest in 2014 for the 0-7.5 cm depth (Figure 3.1). However, after corn harvest in 2013, 
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BD of soil under PW (1.13 Mg m-3) treatment was 11% lower compared to SG (1.29 Mg 
m-3) for the 0-7.5cm depth, probably due to higher surface area of PW (233 ± 2 m2 g-1) 
compared to SG (188 ± 1 m2 g-1) (Table 3.1), that can cause more retention of water 
(Downie et al., 2009b) causing swelling of clay soils and hence decreasing the BD. At 
eroded landscape, BD of soil was higher than at the depositional landscape due to higher 
sand contents and less soil organic matter (SOM). The BD of the soil was not 
significantly different with any biochar treatment after corn harvest in 2013 and after 
soybean harvest in 2014 for both 0-7.5 and 7.5-15 cm depths (Figure 3.1). It has been 
suggested that due to unique physical properties, biochar has the potential to alter a range 
of soil physical conditions by acting as a soil conditioner  (Sohi et al., 2010). Biochar has 
been shown to decrease the BD of the top soil in both laboratory and field studies (Lone 
et al., 2015; Rogovska et al., 2011). Lack of response in our study might be because 
biochar was applied at 10 Mg ha-1 in the 0-7.5 cm depth of soil and amount might not be 
enough to cause significant changes in BD of these soils. Similar to our findings, Zhang 
et al. (2012) in a two-year field study found that wheat (Triticum spp.) straw biochar 
applied at 10 Mg ha-1 to 0-12 cm soil depth had no impact on BD of soil, however the 20 
and 40 Mg ha-1 rate significantly decreased the BD of soil. Chen et al. (2011) from a 3-
year field study showed that BD was decreased by 4.5 and 6% with biochar application 
when applied at 23 and 45 Mg ha-1 to 0-7.5 cm depth but in our study biochar application 
rates were 10 Mg ha-1 in 0-7.5 cm depth. Other researchers also found that with increased 
biochar rate, the BD of the soil decreases (e.g., Mankasingh et al., 2011; Zhang et al., 
2012). 
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At the depositional landscape, aggregate stability (%) of (1-2 mm) soil fraction 
was not significant with any biochar treatment for 0-7.5 and 7.5-15 cm depths when 
compared to CNT after corn planting in 2013 (Figure 3.1). However, after corn harvest in 
2013 for 0-7.5 cm depth, aggregate stability (%) was significantly lower with CS when 
compared to other treatments. After soybean harvest in 2014, aggregate stability (%) of 
soil was not significant with any biochar treatment for any depth. At eroded landscape, 
aggregate stability (%) of the soil was low because of sandy loam texture which has less 
organic matter compared to depositional landscape position. After corn planting in 2013, 
aggregate stability (%) was not significantly different with any biochar treatments for any 
depth (Figure 3.1). After corn harvest in 2013, the aggregate stability (%) was 
significantly higher with PW at the 0-7.5 cm depth when compared to CS and SG, but not 
significant when compared to CNT. No significant differences were observed after 
soybean harvest in 2014 with any biochar treatment for both 0-7.5 and 7.5-15 cm depths. 
When biochar is applied to soil, a range of interactions such as hydrogen bonding and 
cation bridging can form between labile part of biochar C and soil mineral phase (Kleber 
et al., 2007) as surface area of biochar made up of aliphatic functional groups mainly due 
to labile constituent of C (Mukherjee, 2011; Mukherjee et al., 2011; Rutherford et al., 
2008). It may trigger the physical contact of mineral soil and biochar. This interaction of 
labile organic functional groups and mineral soil may form weak bonds. However, 
decomposition of the labile part of biochar by microbes (Smith et al., 2010) can degrade 
the weak interactions, and subsequently no effect of biochar may be observed on 
aggregate stability (Hilscher et al., 2009; Kuzyakov et al., 2009; Zimmerman et al., 
2011). Soil with CS biochar after corn harvest in 2013 had less aggregate stability (1-2 
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mm) as compared to other treatments for 0-7.5 cm depth probably due to low surface area 
of CS leading to formation of less weak bonds. Less effects of biochar on aggregate 
stability might be due to the reason that biochars were applied at a lower rate of 10 Mg 
ha-1 and also due to the recalcitrant nature of biochar. Peng et al. (2011) in a lab study 
observed decrease in aggregate stability with rice (Oryza sativa) straw biochar applied at 
1% (w/w) rate. However, Busscher et al. (2011) did not find any effect of pecan (Carya 
illinoinensis) shell biochar applied at 1% (w/w) rate on aggregate stability of soil. 
However, George et al. (2012) in a greenhouse experiment showed that hydrochar 
produced from spent brewer’s grains that is a residue from beer brewing significantly 
increased water stable aggregates when applied at 5% and 10% (w/w) rate. The results 
from our study supports the findings of Busscher et al. (2011) but contradict those of 
Peng et al. (2011) and George et al. (2012) and suggest that the influence of biochar on 
aggregate stability could be site specific.  
Due to its large surface area, micropores, and light weight compared to mineral 
soils, biochar has the potential to influence many physical properties of soils such as 
WHC, BD, PSD, and penetration resistance. Incorporation of biochar can enhance 
specific SA up to 4.8 times than that of the adjacent soils (Liang et al., 2006b). 
Micropores may also increase significantly at the expense of macropores in biochar-
amended soils. However, changes in these properties depend on the quantity of biochar 
applied. Significant changes in physical properties of soils have been associated with 
higher rates of application (Laird et al., 2010c). Hydrological properties of soil such as 
moisture content, hydraulic conductivity, and WHC are closely related to SA. Several 
studies have reported alterations in WHC and soil water retention in biochar-amended 
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soils (Andrenelli et al., 2016; Uzoma et al., 2011b) with as low as a 0.5% biochar 
application rate sufficient to improve WHC. However, significant changes in BD have 
only been reported with higher rates than those used in our study.  
 
Carbon and Nitrogen Fractions 
At the depositional landscape, different biochar types had no significant influence 
on labile C fraction for both 0-7.5 and 7.5-15 cm depths before the planting and after the 
harvest of corn in 2013 (Table 3.4). However, the labile C fraction was significantly 
higher with CS when compared to PW after soybean harvest in 2014 for the 0-7.5 cm 
depth in 2014. In the deeper depth (7.5-15 cm), no significant differences in labile C 
fraction among biochar treatments were observed. At depositional landscape, labile C of 
soil had similar trend as labile N for both 0-7.5 and 7.5-15 cm depths. Mineralization of 
SOC and N in soil are generally related. Existing data also suggested that biochar 
affected the N dynamics in soil with the potential of tightening N cycling in agricultural 
soils through increased N sorption (Singh et al., 2010). Biochar reduces N leaching, 
ammonia volatilization, and N2O emissions from agricultural soils (Woolf et al., 2010). 
Higher labile N with CS after soybean harvest in 2014 might have acted as extra food 
source for microorganisms at the depositional landscape that increased the 
decompositions of biochars and increased labile C in soil with CS. For all treatments, 
labile C was lower after corn harvest in 2013 when compared to after corn planting in 
2013. This may be attributed due to the mineralization of C that occurred during the 
summer time as the N source from inorganic fertilizer was present, thereby enhancing 
microbial activity. 
32 
 
 
 
Application of biochar did not affect labile C at the eroded landscape position 
after corn planting in 2013 for 0-7.5 cm depth, however, SG increased labile C for the 
7.5-15 cm depth (Table 3.4). The labile C fraction increased significantly after corn 
harvest in 2013 under PW compared to CNT for 0-7.5 cm depth. The concentration of 
labile C fraction after corn harvest in 2013 was 69% higher under CS treatments 
compared to CNT. After the harvest of soybean in 2014, the labile C fraction was 
significantly higher with SG treatments for the 0-7.5 cm depth, which was 34% higher 
under SG (5.41 g kg-1) treatment compared to CNT (4.05 g kg-1). Data indicated a higher 
release of labile C under PW after the harvest of corn in 2013 and also under SG after the 
harvest of soybean in 2014, probably due to favorable conditions for microorganisms in 
sandy loam soil provided by these two types of biochar due to higher surface area 
compared to CS (Table 3.1). For the 7.5-15 cm depth, labile C fraction of soil for all 
biochar treatments was not significantly different from CNT. Lack of consistent trends in 
the C fractions due to biochar treatment for the different years at the eroded landscape 
position could be attributed to the changes in structural properties of biochar associated 
with both biotic and abiotic processes (Cheng et al., 2006; Hamer et al., 2004; Liang et 
al., 2006a). The observed results suggest that although, biochar is considered recalcitrant 
and resistant to microbial degradation, under certain conditions such as low SOM 
content, biochar may be decomposed to support microbial functions in soils and degrade 
the labile part of biochar as revealed by differences in both labile C and N fraction 
(Hammes et al., 2008; Knoblauch et al., 2011; Zimmerman, 2010). Liard et al. (2010) 
showed no detectable loss of biochar C after 500 days of an incubation study showing 
recalcitrant nature of biochar. On the other hand, only 20% C of manure was recovered 
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after 500 days showing rapid mineralization of manure. Zhang et al. (2012) in a two year 
field study showed increase in labile C fraction with addition of biochar at 20 and 40 Mg 
ha-1 rate for 0-12 cm depth, suggesting possible mineralization of biochar labile C. 
At the depositional landscape position, application of biochar had no significant 
influence on recalcitrant C fraction after the planting of corn in 2013, after the harvest of 
corn in 2013, and after the harvest of soybean in 2014 for both 0-7.5 and 7.5-15 cm 
depths (Table 3.5). Similarly, at eroded landscape, the recalcitrant C fraction was not 
significantly influenced by biochar treatment after the planting of corn in 2013, after the 
harvest of corn in 2013, and after the harvest of soybean in 2014 for 0-7.5 cm depth 
(Table 3.5). Accumulation of SOC is generally influenced by physical and chemical 
characteristics of soil organic matter (SOM). Biochar may serve as source for colonies by 
microorganisms (Lehmann et al., 2011) and this may increase the biotic mineralization of 
easily degradable labile C in the biochar (Farrell et al., 2013; Luo et al., 2013). However, 
due to the presence of thermodynamically stable aromatic organic compounds, biochars 
are microbial stable and protected from decomposition (Baldock and Smernik, 2002; 
Czimczik et al., 2002; Novak et al., 2009). The recalcitrant C fraction of biochar is 
resistant to microbial decomposition and it persists in soil for many years compared to 
labile C fraction. The decomposition of SOM depends on physical and chemical 
properties of the organic matter, depending on initial physical and chemical properties of 
soil, it may take much higher rates of application before it can contribute to significant 
changes in recalcitrant C of soil. (Lehmann and Joseph, 2012; Zimmerman, 2010). 
Maintaining or increasing SOC is always beneficial for quality and functionality of 
agricultural soils. Increased SOM has positive impacts on soil physical properties such as 
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increase in aggregate stability, water retention, and decrease in runoff as well as erosion 
(Powlson et al., 2012). The recalcitrant C fraction composition is the indicator of C 
sequestration in the soils. Application of biochar to soils has been suggested as one 
method to mitigate increasing atmospheric CO2 and the associated climate change 
(Lehmann et al., 2006b). Lehman et al. (2006) estimated that application of biochar could 
potentially sequester a total of 9.5 billion tons of C in soils by 2100. Lack of statistical 
differences in our study with biochar application compared to CNT could be due to 10 
Mg ha-1 rate of application that might not be enough to cause detectable changes in 
recalcitrant C of soil. 
Labile fraction of N was not significant at the depositional landscape position 
after corn planting in 2013 and after corn harvest in 2013 for both 0-7.5 and 7.5-15 cm 
depths (Table 3.6). The lack of response after planting and after corn harvest in 2013 
could be attributed to delayed N mineralization and dissolution during the first year of 
biochar application. After soybean harvest in 2014, labile fraction of N was significantly 
higher with CS treatment compared to PW and SG treatments for the 0-7.5 cm depth. 
This could be attributed to the C/N ratio of CS which was significantly lower (117:1) 
compared to that of PW (166:1) (Table 3.1). For the 7.5-15 cm depth, the labile N 
fraction was not significant probably because the biochar was applied at the surface 0-7.5 
cm depth. Although biochar can move to deeper soils but it takes few to hundreds of 
years (Hammes et al., 2008; Leifeld et al., 2007; Major et al., 2010). At eroded landscape, 
the labile N fraction was statistically lower under SG for the 0-7.5 cm depth of soil after 
corn planting in 2013, while there were no statistical differences for the 7.5-15 cm depth 
at this position (Table 3.6). Similarly, there were no changes observed in labile N 
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fractions after corn harvest in 2013 and soybean harvest in 2014 for both 0-7.5 and 7.5-15 
cm depths (Table 3.6). The differences between different biochars may be due to 
magnitude of labile C and N present in biochars (Luo et al., 2010). The differences in 
biochar types in terms of labile N and C are due to feedstock type and production 
conditions (Lin et al., 2012; Wang et al., 2013). Also, labile N was higher after the 
harvest of corn in 2013 compared to that of after the harvest of soybean in 2014 for both 
depths probably due to the application of inorganic N fertilizer in corn.  
The application of biochar had no significant influence on recalcitrant N fractions 
at both 0-7.5 and 7.5-15 cm depths after corn planting in 2013, after corn harvest in 2013 
and after soybean harvest in 2014 at both depositional and eroded landscape positions 
(Table 3.7). Other researchers have suggested that due to the presence of 
thermodynamically recalcitrant aromatic organic compounds, biochars are microbially 
recalcitrant and protected (Baldock and Smernik, 2002; Czimczik et al., 2002; Novak et 
al., 2009). Therefore, this recalcitrant N of biochar is hard to breakdown by 
microorganisms, and may take few to many years for these biochars to make changes in 
recalcitrant N of soil. (Lehmann and Joseph, 2012; Zimmerman, 2010). Similar to widely 
held view that charred materials are highly resistant to mineralization and can last in soil 
for extended period contributing to CO2 mitigation, our results also suggest that the 
resistance of charred materials to mineralization may probably be influenced by both soil 
and biochar properties. Further monitoring is recommended to determine whether the 
observed trends will continue. 
 
CONCLUSIONS 
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The present study was conducted to understand the effect of three different types of 
biochar applied in the field conditions on soil physical properties and C and N fractions at 
two selected landscape positions in a corn-soybean rotation. Results showed that biochar 
application to soil significantly improved pH of a sandy loam soil. This suggests that 
biochar can be used as liming material in coarse textured acidic soils. Mixed results of 
biochar on soil labile C and N fractions were observed at two different landscape 
positions which varied according to type of biochar and soil type where biochars were 
applied. The observed results suggest that although biochar is considered recalcitrant and 
resistant to microbial degradation, under certain conditions such as low SOM content, the 
labile part of biochar may be decomposed to support microbial functions in soils as 
revealed by differences in both C and N labile fractions. However, no significant effects 
were observed on recalcitrant C fraction. Recalcitrant carbon of biochar persists in soil 
for longer time compared to labile carbon. Our results suggested that resistance of 
charred materials to mineralization may probably be influenced by both soil and biochar 
properties. Overall results suggest that 10 Mg ha-1 (1% w/w) biochar rate can increase pH 
of sandy loam soil and labile C fractions under field conditions, however, 10 Mg ha-1 (1% 
w/w) seems to be low for the significant improvements in soil physical properties. 
Therefore, further field studies are required to determine changes in soil physical 
properties using higher rates and different types of biochar at different soil types. 
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              Table 3.1: Properties of biochar used for the present study. 
Properties CS† SG PW 
Specific surface area (m2g-1) 176 ± 1 188 ± 1 233 ± 2 
Ph 10 ± 0.03 10.8 ± 0.10 9.3 ± 0.03 
EC (µS cm-1) 800 ± 21 550 ± 11 120 ± 14 
Ash content (g kg-1) 459 ± 11 458 ± 9  397 ± 5 
CEC (Cmolc kg
-1) 24 ± 1 19 ± 0.3 9 ± 0.2 
Total C (g kg-1) 480 ± 2 495 ± 5 550 ± 11 
Total N (g kg-1) 4.1 ± 0.05 4.5 ± 0.01 3.3 ± 0.01 
Total P (g kg-1) 1.9 ± 0.1 2.1 ± 0.2 0.4 ± 0.06 
C/N 117 110 166 
                           †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; 
EC, electrical conductivity; CEC, cation exchange capacity; C, carbon; N, nitrogen; 
                    P, phosphorous. Adapted from Chintala et al. (2014). 
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Table 3.2: pH of soil treated with three different types of biochar for 0-7.5 and 7.5-15 cm 
depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  ---------------0-7.5 cm--------------     -------------7.5-15 cm----------- 
 Depositional Landscape 
CNT†    5.58aA†† 5.23aA 5.66aA  5.80aA 5.67aA 5.88aA 
CS 5.55aA 5.38aA 5.80aA  6.00aA 5.77aA 5.93aA 
PW 5.40aA 5.51aA 5.53aA  6.24aA 5.95aA 5.90aA 
SG   5.58aAB 5.33aB 5.80aA  5.82aA 5.64aA 5.74aA 
 Eroded Landscape 
CNT 4.83aA 4.46bA 4.71bA  5.25aA 4.90aA 5.09aA 
CS 5.30aA 4.90aA 5.09aA  5.32aA 4.89aB   5.04aAB 
PW 4.96aA  4.75abA  4.93abA  5.30aA 4.87aB 4.94aB 
 SG 5.14aA 4.87aA 5.23aA  5.31aA 4.86aB 4.84aB 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
44 
 
 
 
Table 3.3: Electrical conductivity (EC, µm cm-1) of soil treated with three different types 
of biochar for 0-7.5 and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  ----------------0-7.5 cm-------------     -------------7.5-15 cm------------- 
 Depositional Landscape 
CNT†    198.1aAB†† 282.6aA 143.2aB  112.2aB 208.9aA 107.9aB 
CS    121.1bB 315.7aA 120.8aB  114.3aA 165.3aA 106.6aA 
PW 122.7abB 274.4aA 129.3aB  161.0aA 167.1aA 105.7aA  
SG 182.5abB 295.2aA 174.2aB  210.8aA 176.3aA    94.1aA 
 Eroded Landscape 
CNT 117.0abB 220.5aA 104.0aB        94.9bA 106.9aA 59.6aB 
CS     90.7bB 199.8aA 100.4aB      162.7aA   122.6aAB 66.4aB 
PW     84.3bB 214.7aA     99.3aB      116.6abA 132.3aA 61.5aB 
 SG   136.8aB 215.4aA 107.9aB        143.5abA  160.6aA 64.0aB 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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Table 3.4: Labile carbon (g kg-1) of soil treated with three different types of biochar for 
0-7.5 and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  -------------0-7.5 cm-------------     -------------7.5-15 cm------------- 
 Depositional Landscape 
CNT†   7.67aB†† 4.50aB   5.62abB  5.99aA 3.80aB 4.79aB 
CS 6.30aA 3.70aB 6.65aA  6.67aA 3.86aB 4.21aB 
PW 8.08aA 3.45aB 4.86bB  5.96aA 3.86aA 4.61aA 
SG 7.08aA 4.01aB   5.86abA  6.28aA 4.14aB 4.90aB 
 Eroded Landscape 
CNT 6.17aA 2.40bB 4.05bB  4.41bB 2.09 a B   3.19aAB 
CS 6.55aA  3.16abB  4.63abB   5.46abA 2.41 a B 3.39aB 
PW 5.90aA 4.06aB  4.79abB   5.20abA 2.77 a C 3.73aB 
 SG 6.38aA 2.34bB 5.41aA  6.02aA 2.24 a C 3.64aB 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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Table 3.5: Recalcitrant carbon (g kg-1) of soil treated with three different types of biochar 
for 0-7.5 and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  --------------0-7.5 cm---------------       -------------7.5-15 cm------------ 
 Depositional Landscape 
CNT†   15.56aA†† 14.07aA 16.85aA  14.53aA 12.89aA 13.74aA 
CS 16.65aA 15.35aA 16.82aA    14.35aAB 14.93aA 11.98aB 
PW   15.08aAB 16.33aA 13.01aB  14.79aA 12.88aA 13.23aA 
SG 16.77aA   14.27aAB 13.73aB  14.57aA 13.47aA 12.97aA 
 Eroded Landscape 
CNT 15.38aA 13.68aA 13.80aA  13.59bA   11.45aAB 10.26aB 
CS 16.87aA 13.46aB   14.25aAB  15.90aA 10.27aB     9.96aB 
PW 17.29aA 14.92aA 15.43aA  13.61bA 11.75aB 10.03aC 
 SG 17.20aA 14.02aA 15.85aA    15.28abA 11.99aB    9.74aB 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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Table 3.6: Labile nitrogen (g kg-1) of soil treated with three different types of biochar for 
0-7.5 and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  --------------0-7.5 cm--------------    -------------7.5-15 cm------------ 
 Depositional Landscape 
CNT†   1.51aAB†† 1.98aA  0.92abB    1.06aAB 1.39aA 0.73aB 
CS 1.97aAB 2.37aA 1.23aB    1.27aAB 1.68aA 0.68aB 
PW 1.50aAB 1.93aA 0.73bB  1.49aA 1.30aA 0.68aA 
SG 1.46aAB 1.99aA 0.88bB  1.67aA   1.33aAB 0.63aB 
 Eroded Landscape 
CNT    1.97aA   1.48aAB 0.77aB  0.84aA 1.18aA 0.48aA 
CS 1.58abA 1.37aA 0.79aB    0.99aAB   0.77aAB 0.50aB 
PW 1.26abA 1.45aA 0.77aB  1.07aA 0.97aA 0.52aB 
 SG 1.06bAB 1.54aA 0.81aB  1.10aB 0.79aB 0.55aB 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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Table 3.7: Recalcitrant nitrogen (g kg-1) of soil treated with three different types of 
biochar for 0-7.5 and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  --------------0-7.5 cm-------------   -------------7.5-15 cm------------- 
 Depositional Landscape 
CNT† 1.33aA†† 1.07aA 1.31aA  1.30aA 1.05aA 1.06aA 
CS 1.50aA 1.12aA 1.45aA  1.04aA 1.40aA 0.99aA 
PW 1.41aA 1.43aA 1.18aA  1.12aA 1.04aA 0.97aA 
SG 1.92aA 1.17aA 1.04aA  1.53aA 1.20aA 1.06aA 
 Eroded Landscape 
CNT 1.57aA 1.25aA 1.39aA  1.16bA 0.93aA 0.93aA 
CS 1.67aA 1.29aA 1.44aA  1.44aA 0.88aB 0.88aB 
PW 1.81aA 1.56aA 1.57aA   1.23abA   1.19aAB 0.97aB 
 SG 1.70aA 1.49aA 1.53aA   1.30abA 1.12aA 0.95aA 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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Figure 3.1- Bulk density (Mg m-3) and aggregate stability (%) of soil after corn planting in 2013, after corn harvest in 2013, and after 
soybean harvest in 2014 for soil treated with corn stover biochar (CS), pinewood biochar (PW), switchgrass biochar (SG), 
and control (CNT) at depositional and eroded landscapes for 0-7.5 and 7.5-15 cm depths. 
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CHAPTER 4 
IMPACT OF THREE TYPES OF BIOCHAR ON HYDROLOGICAL PROPERTIES OF 
ERODED AND DEPOSITIONAL LANDSCAPE POSITIONS  
ABSTRACT 
Addition of biochar to improve soil hydrological properties has been evaluated 
across different environmental conditions. However, most of the studies were conducted 
in labs or greenhouses where the conditions are usually controlled and involved high 
rates of biochar that may not be economical to the producers. Therefore, the present study 
was conducted in the field with the specific objective was to evaluate the impact of 
biochar on hydrological properties of two soils and compare it with those of manure. The 
present study was initiated near Brookings, South Dakota in 2013, and data was collected 
for 2014 and 2015 under two landscape positions (depositional and eroded). Three plant 
based biochar materials, produced from carbon optimized gasification of corn stover (Zea 
mays L.), ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue, and 
switchgrass (Panicum virgatum L.), and dairy manure, and mixture of manure and 
pinewood biochar were applied at 10 Mg ha-1 rate within the soil surface of 7.5 cm soil 
depth, and mixed with rototiller to a Maddock soil (sandy, mixed, frigid Entic 
Hapludolls) and a Brookings soil (fine-silty, mixed, superactive, frigid Pachic 
Hapludolls). The Maddock soil was located in an eroded upper landscape position, and 
Brookings soil in a depositional position. Data showed that biochar and manure 
treatments increased the soil infiltration rate (qs) and soil water retention (SWR) after the 
harvest of soybean in 2014 and after the planting of soybean in 2015 at both the 
landscape positions. Biochar with manure had shown a relatively larger improvement in 
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soil hydrological properties than other treatments. Functions of biochar varied for 
different years and soil types due to differences in feedstock used, and surface changes 
occur on biochars in the soil. Biochar treatments were not effective to reduce soil 
penetration resistance (SPR), however, manure significantly decreased the SPR of soil. 
Data from this short-term study suggests that properties of biochar such as large number 
of inner pores and higher surface area can be helpful to improve soil hydrological 
properties, however, a long-term application of different rates and types of biochar need 
to be investigated under different climatic conditions.  
 
INTRODUCTION 
The population of the world is increasing rapidly and expected to be 9 billion by 
2015 (Lal, 2013). Therefore, the demand to produce more food has been increasing to 
feed this growing population, resulting in increased cropland acreage. The management 
practices used in these croplands reduce soil organic matter (SOM) (Middleton and 
Thomas, 1997; Reynolds and Stafford Smith, 2002) and the retention of water and 
nutrients (Stockdale et al., 2002). The addition of various sources of carbon (C) in soil is 
necessary for the favorable soil properties to enhance crop productivity. Biochar has 
emerged as a potential soil amendment to ameliorate various physical and hydrological 
properties of soil due to higher porosity of biochar (Hina et al., 2010; Liang et al., 2006a) 
and large surface area (Van Zwieten et al., 2009b). Biochar is an alternative source which 
is a C rich material produced in the absence of oxygen by pyrolysis of various organic 
materials such as plant residues, animal manure, and industrial woodchips (Lehmann et 
al., 2006a). The functions of biochar in soil depend on various factors including pyrolysis 
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conditions (Schimmelpfennig and Glaser, 2012) and type of feedstock used to produce 
biochar (Hina et al., 2010; Pereira et al., 2011).  
Application of biochar in soil has shown the positive effects on water holding 
capacity of soil (Chan et al., 2008; Glaser et al., 2002; Kammann et al., 2011; Mollinedo 
et al., 2015), and porosity of soil (Dempster et al., 2012; Jones et al., 2010). However, 
some studies have also observed negative or no changes in SWR with biochar addition to 
soil (Abel et al., 2013; Kinney et al., 2012; Laird et al., 2010a). Effect of biochar on soil 
hydrological properties also depends on the soil type in which biochar is applied. Tryon 
(2015) reported that available water content increased in sandy soil, decreased in clay 
soil, and had no effect on loamy soil with the addition of biochar. Mulcahy et al. (2013) 
observed that in water stressed agricultural soils, wood pellet biochar increased seedling 
resistance of tomato (Solanum lycopersicum L.) to wilting by increasing the plant 
available water.  
Soil physical processes like freezing and thawing, shrinking and swelling can 
reduce biochar particle size until it leaches through the soil or eroded as runoff (Jaffé et 
al., 2013). Therefore, studying biochar impacts on different soil types and landscape 
positions in different seasons can be helpful to better understand differential effects of 
biochar on soil. Furthermore, most previous studies were conducted in labs or 
greenhouses where the conditions are usually controlled (Dempster et al., 2012; Jones et 
al., 2010), and most of the them used higher rates of biochars; 50 and 100 Mg ha-1 (Chan 
et al., 2008), 100 and 200 Mg ha-1 (Kammann et al., 2011). Application of higher rates of 
biochar in the soils may improve hydrological properties of soil, but may not be 
53 
 
 
 
economical to the producers. Therefore, an optimum rate of biochar depending upon 
various environmental and soil conditions is still need to be investigated. 
Since, biochar is rich in C and has high stability in soil (Lehmann et al., 2009; 
Liang et al., 2010), it can be applied only once in the soil in low quantities. In contrast, 
other sources of organic matter such as manure can decompose rapidly in soil (Torn et 
al., 2005; Weerakkody and Parkinson, 2006), and contain low amount of C compared to 
those of biochar. Therefore, it is important to test the potential of lower rate application 
of biochar and manure in the field to improve hydrological properties.  
Therefore, the present study was conducted with the hypothesis that application of 
biochar in soil can be helpful in improving the hydrological properties of soils due to the 
presence of higher number of pores and higher surface area of biochar. Biochar is 
recalcitrant in nature and can persist in soil for longer time, whereas, manure is quickly 
decomposable compared to biochar and can impact the hydrological properties of soil by 
improving soil aggregation. Therefore, the specific objective of present study was to 
evaluate the impact of biochar on hydrological properties of two soils and compare it 
with those of manure. 
 
MATERIALS AND METHODS 
Experimental Site and Treatments 
The present study was initiated in 2013 near Brookings, South Dakota (SD) 
having coordinates 44o 12’ 36” N and 96o 44’ 23.9” W. The experimental site had two 
landscape positions including depositional (DP) and eroded (shoulder). Present study was 
conducted for two years; 2014 and 2015. Three plant based biochar materials produced 
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from carbon optimized gasification of corn stover (Zea mays L.) (CS), ponderosa pine 
(Pinus ponderosa Lawson and C. Lawson) wood residue (PW), and switchgrass 
(Panicum virgatum L.) (SG), along with dairy manure (MN), and mixture of manure and 
pinewood biochar (MNP) were applied at a 10 Mg ha-1 rate within surface 7.5 cm soil 
depth and mixed with rototiller to a Maddock soil (Sandy, Mixed, Frigid Entic 
Hapludolls) and a Brookings soil (Fine-Silty, Mixed, Superactive, Frigid Pachic 
Hapludolls). The Maddock soil was located in an eroded upper landscape position, and 
Brookings soil in a depositional position. All biochar and manure treatments along with 
control (CNT, no amendment) were laid down according to a randomized complete block 
design with four replications. The individual experimental plot size was 4.5 m x 6 m at 
both landscape positions. During 2014 and 2015, soybean variety Asgrow AG1234 were 
planted in May and harvested in the first week of October.  
 
Production and Characterization of Biochar and Manure  
Properties of biochars and manure are given in the Table 4.1. Three types of 
biochar including CS (Figure 4.1), PW (Figure 4.2), and SW (Figure 4.3) were produced 
with pyrolysis process using C optimized gasification in reactor with varying temperature 
from 150 to 850°C and residence time of 4 hrs and 4 minutes (Biochar Solutions, Inc, 
Carbondale, Colorado, USA). The three types used in the present study were selected due 
to the availability of feedstock of corn stover, pinewood chips, and switchgrass, and 
potential of these feedstock for bioenergy production in South Dakota, USA. All three 
biochars were highly alkaline having pH 10.0, 10.8, and 9.3 for CS, SW and PW, 
respectively. Also, all biochars had high ash content (CS = 459 g kg-1, SW = 458 g kg-1, 
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PW = 397 g kg-1) and high C:N ratio (117:1, 110:1, and 166:1 for CS, SW, and PW, 
respectively) (Chintala et al., 2014b). Solid dairy manure following methane digestion 
was used for the present study. 
 
Soil Sampling and Analysis 
Intact core samples were collected from 0-7.5 and 7.5-15 cm depths using cores 
of 5 cm diameter and 5 cm height to measure SWR and pore size distribution (PSD) from 
both eroded and depositional landscape positions. These samples were collected after the 
harvest of soybean in 2014 and after the planting and harvest of soybean in 2015. Soil 
cores were labeled, trimmed from both ends, sealed in a plastic bag and stored at 4°C 
pending analysis. Soil samples from 0-7.5 and 7.5-15 cm were extracted to measure 
moisture content after measuring soil penetration resistance (SPR). Also, soil samples 
were extracted from the 0-7.5 cm depth to measure gravimetric moisture content after 24 
hr of water infiltration.  
 
Ponded Infiltration and in-situ Soil Moisture Measurements 
Infiltration rates (qs) were measured at both landscape positions with a double-
ring infiltrometer (20 cm height, and 30 and 20 cm outer and inner diameters, 
respectively) using a constant-head method (Reynolds et al., 2002). Soil qs was measured 
after the soybean harvest in 2014, and after the planting and harvesting of soybean in 
2015. One infiltration measurement was conducted in each four replicated plots (one for 
each plot; n = 4) until the steady state achieved. After the infiltration measurement was 
completed, soil surface was covered with the polythene sheet to prevent evaporation loss 
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and moisture content was taken to calculate in situ moisture retention after 24 hours. To 
calculate moisture content, soil samples after 24 hours from 0-7.5 cm depth were taken 
from the same places where infiltrations were measured, and gravimetric moisture 
content was measured in the lab.  
 
Soil Water Retention and Pore-Size Distribution 
For measuring the SWR, cheesecloth was fixed at the bottom of intact soil core, 
and then these cores were saturated with water for 24 to 48 hr depending upon the depth 
of core sampling and soil type. The SWR was measured using tension and pressure plate 
extractors (Klute and Dirksen, 1986), and SWR characteristics were measured at seven 
(0, −0.4, −0.1, −2.5, −5.0, −10.0, −30.0 kPa) matric potentials. Furthermore, the PSD of 
soil was calculated using capillary rise equation from the SWR data to estimate the pore 
size classes (Jury et al., 1991). Four categories of pore sizes were estimated including 
macropores having (>1000 μm equivalent cylindrical diameter, ecd), coarse mesopores 
(60 to 1000 μm ecd), fine mesopores (10 to 60 μm ecd), and micropores (<10 μm ecd).  
 
Soil Penetration Resistance 
The SPR was measured for the 0-7.5 and 7.5-15 cm depths for all the treatments 
at both landscape positions using the Eijkelkamp-type hand penetrometer. The SPR was 
measured after the harvesting of soybean in 2014, and after the planting and harvesting of 
soybean in 2015. Five SPR readings were taken from each plot and the average value was 
used to represent the SPR of each plot. Soil samples to determine moisture content from 
0-7.5 and 7.5-15 cm were also collected to confirm if the differences in SPR were 
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because of water content present or the treatment. The SPR measurements were adjusted 
for moisture changes using the relationship developed by Busscher and Bauer (2003) as 
shown in equation below:- 
𝑆𝑃𝑅𝑑 = 𝑆𝑃𝑅𝑚 𝑒
(
𝑥−0.1
0.132) 
where SPRd is the adjusted penetration resistance (kPa), SPRm is the measured 
penetration resistance, x is the water content (kg kg-1), and 0.1 is the selected water 
content for standardization (0.1 kg kg-1). 
 
Statistical Analysis 
 A test for the homogeneity of variance was conducted to evaluate the variability 
of soil properties within different biochar levels, and between landscape positions. Single 
degree-of-freedom tests were also determined as follows: control versus manure (CNT 
vs. MN), control versus biochars (CNT vs. B), and manure vs. biochars (MN vs. B). An 
estimate for the least significant difference (Duncan’s LSD) among treatments was 
obtained using the ‘Mixed procedure’ in SAS (2007), in which biochar and manure 
treatments were considered as the fixed effects and replications considered as the random 
effect. Statistical differences were declared significant at   0.05 level.  
 
RESULTS AND DISCUSSION 
Soil Penetration Resistance  
Soil penetration resistance (MPa) of soil at depositional landscape position was 
significantly affected by treatments after the harvest of soybean in 2014 and after the 
planting of soybean in 2015. The SPR was 15% lower with MNP (2.12 MPa) as 
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compared to CNT (2.44 MPa) after the harvest of soybean in 2014. Significant 
differences were observed for CNT vs. MN and MN vs. B contrasts. Moisture content (w) 
in MNP (0.10 kg kg-1) was same as CNT (0.10 kg kg-1), therefore, lower SPR is due to 
the MNP treatment (Table 4.2a). Also, after the planting of soybean in 2015 for 0-7.5 cm 
depth, the SPR with MN (1.34 MPa) and MNP (1.32 MPa) was 15% and 17%, 
respectively, lower compared to CNT (1.54 MPa). However, no significant differences 
were observed after the harvest of soybean in 2015 for 0-7.5 cm depth. Also, biochar and 
manure treatments had no impact on SPR for the 7.5-15 cm depth. At eroded landscape 
position, SPR was significantly lower with SG, MN, and MNP after the harvest of 
soybean in 2014; CS, PW and MN after the harvest of soybean in 2015; and no 
significant differences were observed after the planting of soybean in 2015 for 0-7.5 cm 
depth (Table 4.2b). Also, no significant differences were observed for 7.5-15 cm depth. 
The SG (1.96 MPa), MN (1.66 MPa), and MNP (1.95 MPa) reduced SPR by 18, 40, and 
19% compared to CNT (2.32 MPa), respectively, after the harvest of soybean in 2014 for 
0-7.5 cm depth. Similarly, after the harvest of soybean in 2015, the SPR was 16, 13, and 
17% lower with CS (2.18 MPa), PW (2.24 MPa), and MN (2.14 MPa) compared to CNT 
(2.54 MPa), respectively.  
Soil resistance to root penetration is reflected by soil strength and is a measure of 
soil compaction (Hamza and Anderson, 2003). It is affected by water content of the soil 
(Whalley et al., 2007), and hence variable moisture content in the field can impact the 
SPR. Dry soil is harder and usually have higher SPR as compare to wet soil of similar 
texture. Therefore, analyzing both properties in the field at the same time are important to 
better understand the actual penetration resistance of soil. The SPR was typically lower 
59 
 
 
 
with MN and MNP as compared to other biochar types, probably be due to aliphatic C 
present in the MN which is prone to quick mineralization compared to that of biochar’s 
aromatic C. Therefore, manure can improve aggregate stability of soil and reduce bulk 
density in shorter duration compared to that of biochar. No significant differences with 
biochar treatments might be due to the slow mineralization of aromatic C of biochar. 
Also, the 10 Mg ha-1 rate of biochar applied might not be enough to cause significant 
changes with the application of biochar. Busscher et al. (2010) reported that addition of 
2% (w/w) biochar significantly reduce the SPR as compared to CNT. Also, Chan et al. 
(2007) showed in a pot experiment that 5% and 10% (w/w) rates of biochar were 
effective to significantly reduce the tensile strength of soil, but no significant differences 
were observed with 1% rate of biochar.  
 
Soil Water Retention and Pore Size Distribution 
Data for SWR under different treatments of biochar and manure are shown in 
Figure 4.4. At depositional landscape, after the harvest of soybean in 2014, SWR was 
significantly higher with PW, SG, MN, and MNP at six out of seven matric potentials 
(Figure 4.4). At field capacity, SWR was 15, 15, 21, and 18% significantly higher with 
CS, SG, MN, and MNP treatments, respectively, as compared to CNT. After the planting 
of soybean in 2015, SWR for 0-7.5 cm depth was 9, 9, 12, 13, and 11% higher with PW 
and 9, 7, 12, 10, and 11% higher with MNP at -1, -2.5, -5, -10, and -30 kPa, respectively. 
All biochar and manure treatments had no impact on SWR for the 7.5-15 cm depth (data 
not shown). After the harvest of soybean in 2015, biochar and manure had no significant 
effect on SWR (Figure 4.4).  
60 
 
 
 
At eroded landscape position, after the harvest of soybean in 2014, SWR was 
significantly higher with PW biochar and was 8, 11, 8, 13.5, 15, and 23% higher at -0.4, -
1, -2.5, -5, -10, and -30 kPa, matric potential respectively, as compared to that under 
CNT. For 7.5-15 cm depth, no significant differences were observed between the 
treatments at any soil water pressure (data not shown). After the planting of soybean in 
2015, SWR was significantly 7% higher with PW, SG, and MN treatments compared to 
that under CNT. Also, biochar and manure had no impact on SWR for 7.5-15 cm depth 
(data not shown). However, after the harvest of soybean in 2015, CS and MNP 
significantly increased the SWR of soil at four out of seven matric potentials including 
field capacity for the 0-7.5 cm at eroded landscape position (Figure 4.4). Moreover, SWR 
was not impacted by biochar and manure treatments for the 7.5-15 cm depth (data not 
shown).  
Data on pore-size distribution for the 0-7.5 depth are shown in Table 4.3 through 
4.5. At depositional landscape, treatments impacted micropores at the 0-7.5 cm depth 
after soybean harvest in 2014 (Table 4.3). Also, soil micropores were significant for CNT 
vs. MN and CNT vs. B contrasts. At this landscape, after the harvest of soybean in 2014, 
the CS, SG, MN, and MNP treatments significantly increased the micropores of the soil 
(Table 4.3). After the planting of soybean in 2015, micropores of soil were significantly 
higher with PW and MNP for the 0-7.5 cm depth compared to that under CNT (Table 
4.4). After the harvest of soybean in 2015, biochar and manure treatments had no impact 
on porosity of soil for 0-7.5 depth (Table 4.5).  
At eroded landscape, after the harvest of soybean in 2014, PW significantly 
improved the micropores of soil. After the planting of soybean in 2015, micropores were 
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7% higher with PW, SG, and MN when compared to CNT (Table 4.4). No significant 
effects were observed for 7.5-15 cm depth. After the harvest of soybean in 2015, MNP 
significantly increased macropores and micropores of soil, whereas, micropores were 
12% higher with both CS (0.28 m3 m-3) and MNP (0.28 m3 m-3) as compared to CNT 
(0.25 m3 m-3). However, no significant differences were observed between the treatments 
for 7.5-15 cm depth (data not shown).  
 At depositional landscape position, higher SWR with MN treatment might be due 
to decrease in bulk density with MN application. Furthermore, MN improves the SOC 
that contributes to better soil aggregation due to the formation of bonds between minerals 
soil particles and organic matter. The increase in SWR with biochar treatments is 
attributed due to the presence of higher number of micropores and inner surface area of 
biochar that could improve the water retention and pore structure (Glaser et al., 2002; 
Verheijen et al., 2010b). Other studies have also reported that biochar significantly 
influenced the water retention curves e.g. (Dumroese et al., 2011; Novak¹ et al., 2009). 
Mollinedo et al. (2015) in a lab study reported significant increase in SWR with the 
addition CS, SG, and PW in soil. Several other studies reported that 0.5% biochar is 
enough to significantly improve water retention in soil (Jones et al., 2010; Laird et al., 
2010b; Uzoma et al., 2011a). No effect of manure and biochars at 7.5-15 cm depth might 
be due to the incorporation of manure and biochar only for the 0-7.5 cm depth. 
Movement of biochar in soil is slow as it takes few to hundreds of years to move to 
deeper soil (Hammes et al., 2008; Leifeld et al., 2007). Most of the changes in PSD for 0-
7.5 cm soil was occurred at -30 kPa (Table 4.3). Micropores of soil were significantly 
higher with all the treatments except PW compared to CNT. The increased porosity 
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reflects the increased water retention at field capacity. The variation in water retention 
characteristics among all three biochar types probably be due to different shapes and 
structural rigidity of biochars. Biochar pore sizes, particles size and strength, and 
connectivity of pores along with interaction of biochar in soil and translocation are the 
factors that cause different outcomes in different soils and climate (Verheijen et al., 
2010b). Novak¹ et al. (2009) reported that feedstock and method used to produce biochar, 
and soil type to which it was applied will affect the ability of biochar to retain water. 
Generally, biochars are hydrophobic in nature and have higher number of micropores, but 
they have potential to retain more water once hydrophobicity is diminished (Cheng et al., 
2006). Manure application modifies soil structure, decreases bulk density of soil, and 
improves soil aggregation and hence helps in higher water retention. Also, micropores 
were significantly higher with PW and MNP biochar treatments that reflects the increase 
in water retention at field capacity. Pore spaces act as habitat for microbes and essential 
for water and nutrient exchange (Martin et al., 2012). Kutílek et al. (2006) suggested that 
retention of water in soil at low suction depends upon soil structure and content of layer 
pores, while at high suction influenced by surface area and soil texture. Jones et al. 
(2010) in a laboratory incubation study reported that green waste biochar applied at 40 
and 80 Mg ha-1 to 10 cm depth of soil significantly increased the mesopores and available 
water compared to control. Similarly, Novak et al. (2012) in a laboratory study showed 
that peanut (Arachis hypogaea) hull biochar, hardwood biochar, switchgrass biochar, and 
poultry litter biochar significantly increased the water retention at 5 and 60 kPa. In these 
two studies, rate of biochar used was higher compared to 10 Mg ha-1 used in our study. 
However, similar to our study, Karhu et al. (2011) in a field experiment showed increase 
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in soil water retention with biochar application rate of 9 Mg ha-1 in top 6 cm of soil in an 
organically managed 5 years crop rotation of clover (Trifolium spp.)- clover- wheat 
(Triticum aestivum) - soybean (Glycine max.) and oats (Avena sativa). 
 
Soil Water Infiltration and Field Capacity 
Steady state infiltration rate (qs) of soil was impacted by different treatments in 
every sampling time except after soybean harvest in 2015 at the depositional landscape 
(Table 4.6). At this landscape position, the qs (mm hr
-1) after the soybean harvest in 2014 
was significantly higher under MN (186 mm hr-1), CS (188 mm hr-1), SG (128 mm hr-1), 
and MNP (160 mm hr-1) treatments compared to CNT. Also, significant differences were 
observed for CNT vs. MN and CNT vs. B contrasts. Similarly, after the planting of 
soybean in 2015, qs was significantly higher under MNP compared to CNT. However, 
after the harvest of soybean in 2015, no differences in qs were observed among the 
treatments. Also, no significant differences were observed for contrasts. At eroded 
landscape, after the harvest of soybean in 2014, the qs was 2 and 2.4 times higher for MN 
(80 mm hr-1) and MNP (94 mm hr-1) treatments when compared to that under CNT (39 
mm hr-1), respectively (Table 4.6), and also qs was significantly differ for MN vs. B. 
After the planting of soybean in 2015, qs was 61% higher with CS (111 mm hr
-1) 
treatment as compared to CNT (69 mm hr-1). After the harvest of soybean in 2015, qs was 
60, 64, and 87% higher with CS (144 mm hr-1), SG (148 mm hr-1), and MNP (168 mm hr-
1), respectively, when compared to CNT (90 mm hr-1). 
Data showed that at depositional landscape position, the qs after the harvest of 
soybean in 2014 was significantly higher with CS, SG, MN and MNP as compare to that 
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under CNT due to improved pore size distribution. Increased qs is similar to increased 
water retention of soil at -30 kPa (Figure 4.4). It is likely that improved continuity and 
stability of pores with biochar and MN treatments resulted in higher qs by increasing total 
porosity and improved PSD (Haynes et al., 1991). The improved soil structure due to 
better aggregation of soil by increased amount of hyphae due to manure and biochar can 
be beneficial in improving the qs of soil. Increase in qs due to application of biochar and 
MN helps in reducing soil erosion, and reflects the drainage level of a given soil (Azooz 
and Arshad, 1996). Increased soil infiltration rate with CS and SG biochars but with PW 
biochar in this study might be due to the high ash content of CS and SG biochars as 
compared to that of PW (Table 4.1). High ash content can move clay particles close by 
changing the electrical charge on clay particles, and hence improving porosity of soil and 
the infiltration rate (Verheijen et al., 2010b). Asai et al. (2009) reported that biochar can 
improve hydraulic conductivity of soil but did not have impact on soils having high clay 
content with low biochar rate. In our study, we found contrasting effects where qs was 
significantly increased with biochar in a clay loam soil. Soil qs was not significantly 
different with any treatment after the harvest of soybean in 2015 at depositional 
landscape position. Interaction of biochar-soil interface alters soil properties over time 
due to changes in various chemical and biological reactions over biochar surfaces (Cheng 
et al., 2008; Cheng et al., 2006). These changes affect the microbial activity which further 
alter the bonds between mineral particles and organic matter of soil. Moreover, 
degradation of biochar in clay loam soils due to swelling and shrinking of soil may cause 
blockage of soil pores with small broken particles dissociated from biochar. At eroded 
landscape position, although the soil was sandy loam but qs was lower as compared to 
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that of depositional landscape position having clay loam soil. This was partially attributed 
to the reason that, in general, the total porosity and organic matter content of soil were 
lower at eroded landscape position.  
At depositional landscape, after the soybean harvest in 2014, all biochar and 
manure treatments retained significantly more water at field capacity in field conditions 
as compared to that under CNT (Table 4.6). All three contrasts CNT vs. MN, CNT vs. B, 
and MN vs. B were significantly different and suggesting higher retention of water. Soil 
moisture content (wfc, kg kg
-1) monitored 24-hr after the infiltration measurements was 4, 
16, 8, 12, and 24% higher with CS (0.26 kg kg-1), PW (0.29 kg kg-1), SG (0.27 kg kg-1), 
MN (0.28 kg kg-1), and MNP (0.31 kg kg-1), respectively, as compared to CNT (0.25 kg 
kg-1). Similarly, after the planting of soybean in 2015, wfc was significantly higher for 
MN and MNP biochar as compared to that of CNT. Water content for MN (0.29 kg kg-1) 
and MNP (0.31 kg kg-1) was 11, and 19% higher, respectively, when compared to CNT 
(0.26 kg kg-1). However, after the harvest of soybean in 2015, wfc was not significant for 
any treatment. At eroded landscape, the wfc was lower as compared to that at depositional 
landscape due to sandy loam texture at eroded landscape vs. clay loam at depositional 
landscape. At this landscape, after the harvest of soybean in 2014, wfc was 13, 7, and 20% 
significantly higher with PW (0.17 kg kg-1), SG (0.16 kg kg-1), and MNP (0.18 kg kg-1) 
treatments, respectively, when compared to CNT (0.15 kg kg-1) (Table 4.6). Similarly, 
after the planting of soybean in 2015, wfc for MN (0.17 kg kg
-1), and MNP (0.18 kg kg-1) 
was 13 and 20% higher, respectively, when compared to CNT (0.15 kg kg-1). Moreover, 
after the harvest of soybean in 2015, wfc was significantly higher with PW, SG and MNP 
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treatments as compare to CNT, and it was 21, 14, and 28% higher with PW, SG, and 
MNP treatments respectively when compared to CNT.  
At depositional landscape, in-situ moisture retention (wfc) 24-hr after water 
infiltration was similar to qs trend at depositional landscape, except PW after the harvest 
of soybean in 2015 and CS after the planting of soybean in 2015. This increase in wfc 
might be due to the adsorptive nature of biochar (Herath et al., 2013) and increase in soil 
porosity and aggregation with MN and biochar treatments. Uptake of functional groups 
of biochar by microorganisms, surface transformations, and oxidation of carboxyl and 
carbonyl groups over time might affect the effectiveness of biochar to retain more water 
(Mukherjee and Lal, 2013). The MNP treatment was effective to increase wfc partially 
due to the complementary effect of manure to biochar. The C present in manure is easily 
degradable by microorganisms as compared to that of PW biochar, so protecting biochar 
to cause functional changes over surface.  Improvement in wfc with the addition of 
biochar is reported by Chan et al. (2007). Increase in water retention in rooting zone is 
beneficial for plants to absorb more water and nutrients from the soil.    
 
CONCLUSIONS 
The present study was conducted to assess the biochar impacts on soil 
hydrological properties under depositional and eroded landscape positions. Data from this 
study showed that application of lower rates of biochar and manure were effective to 
increase the water retention and water infiltration of soil after the harvest of soybean in 
2014 and after the planting of soybean in 2015 at both the landscape positions. However, 
no significant differences were observed after the harvest of soybean in 2015 at 
67 
 
 
 
depositional landscape. Application of biochar with manure had shown a relatively larger 
improvement in soil hydrological properties than other treatments at both positions. 
Differences in the abilities of different biochar types to improve hydrological properties 
of soil were observed due to feedstock type and pyrolysis process. Different treatments 
showed increase in water retention capacity of soil especially at higher matric potentials, 
however, full understanding about the effect of biochar and manure on plant available 
water and plant productivity is limited in our study. Soil water retention was terminated 
at -30 kPa and did not incorporate the water retention at -1500 kPa (wilting point) in our 
study. Therefore, evaluation of the effect of biochar on plant available water in our field 
study could not be determined. Moreover, almost negligible to minimal differences in soil 
hydrological properties at depositional landscape positions in clay loam soil were 
observed after the harvest of soybean in 2015 (after three years of biochar incorporation). 
This suggests the changes occurred due to rapid decomposition nature of manure and 
surface changes of biochar occur due to shrinking and swelling nature of clay soils. 
Therefore, long term studies are needed in future to better understand the effect of 
biochar on hydrological changes, and results from our study need to be evaluated under 
different climatic conditions. Also, other studies should be conducted using other types of 
biochar depending upon the availability of specific feedstock in particular regions. 
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Table 4.1: Properties of biochar and manure used for the present study. 
Properties CS† SG PW MN 
Specific Surface area (m2g-1) 176 ± 1 188 ± 1 233 ± 2 - 
pH 10 ± 0.03 10.8 ± 0.10 9.3 ± 0.03 9.0 
EC (µS cm-1) 800 ± 21 550 ± 11 120 ± 14 - 
Ash content (g kg-1) 459 ± 11 458 ± 9  397 ± 5 - 
CEC (Cmolc kg
-1) 24 ± 1 19 ± 0.3 9 ± 0.2 - 
Total C (g kg-1) 480 ± 2 495 ± 5 550 ± 11 393 
Total N (g kg-1) 4.1 ± 0.05 4.5 ± 0.01 3.3 ± 0.01 16.8 
Total P (g kg-1) 1.9 ± 0.1 2.1 ± 0.2 0.4 ± 0.06 8.0 
C/N 117 110 166 23 
        †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; 
      EC, electrical conductivity; CEC, cation exchange capacity; C, carbon; N, nitrogen; 
       P, phosphorous. Adapted from Chintala et al. (2014). 
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Table 4.2a: Soil penetration resistance (SPR, MPa) and moisture content (w, kg kg-1; within parenthesis) monitored from soils treated 
with different types of biochar and manure for 0-7.5 and 7.5-15 cm depths at depositional landscape position. 
 
 
Treatments After 
soybean 
harvest 
2014 
After 
soybean 
planting 
 2015 
After 
soybean 
harvest  
2015 
 After 
soybean 
harvest  
 2014 
After 
soybean 
planting 
2015 
After  
soybean 
 harvest  
2015 
        -----------------0-7.5 cm------------------             ----------------- 7.5-15 cm---------------- 
 Depositional Landscape 
CS† 
PW 
SG 
MN 
MNP 
CNT 
2.45ab†† (0.10a) 
2.34bc (0.09a) 
2.71a (0.09a) 
2.22bc (0.11a) 
2.12c (0.10a) 
2.44ab (0.10a) 
 1.50a (0.27a) 
 1.52a (0.26a) 
 1.48a (0.25a) 
 1.34b (0.26a) 
 1.32b (0.27a) 
 1.54a (0.25a) 
2.42a (0.22ab) 
2.10a (0.24a) 
2.42a (0.19c) 
2.14a (0.23a) 
2.06a (0.24a) 
2.50a (0.21bc) 
  2.44a (0.09b) 
 2.25a (0.10ab) 
 2.67a (0.10ab) 
 2.52a (0.12a) 
 2.57a (0.10ab) 
 2.46a (0.10ab) 
1.56a (0.26a) 
1.48a (0.26a) 
1.64a (0.25a) 
1.42a (0.26a) 
1.52a (0.26a) 
1.40a (0.25a) 
1.84a (0.22a) 
1.78a (0.25a) 
2.02a (0.23a) 
1.76a (0.24a) 
1.76a (0.24a) 
1.90a (0.23a) 
 
 
 
 
 
Analysis of Variance (P>F) 
Treatments <0.010 (0.10) <0.010 (0.09)  0.081 (<0.01)  0.212 (0.20) 0.227 (0.84) 0.643 (0.77) 
CNT vs. MN   0.034 (0.26)   0.011 (0.03) 0.032 (<0.01)  0.670 (0.66) 0.617 (0.60) 0.275 (0.72) 
CNT vs. B   0.942 (0.92)   0.528 (0.07)   0.218 (0.02)  0.982 (0.31) 0.206 (0.86) 0.793 (0.80) 
MN vs. B <0.010 (0.12)  <0.010 (0.32) 0.093 (<0.01)  0.553 (0.09) 0.320 (0.37) 0.253 (0.87) 
                        †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, manure + pinewood biochar; CNT, control; B, biochar.  
                     ††Means values with n=4 followed by different letters within a column for different treatments are significantly different at P<0.05. 
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Table 4.2b: Soil penetration resistance (SPR, MPa) and moisture content (w, kg kg-1; within parenthesis) monitored from soils treated 
with different types of biochar and manure for 0-7.5 and 7.5-15 cm depths at eroded landscape position. 
 
Treatments After 
soybean 
harvest 
2014 
After 
soybean 
planting 
 2015 
After 
soybean 
harvest  
2015 
 After 
soybean 
harvest  
 2014 
After 
soybean 
planting 
2015 
After  
soybean 
 harvest  
2015 
        -----------------0-7.5 cm------------------             ----------------- 7.5-15 cm---------------- 
                   Eroded Landscape 
CS 
PW 
 SG 
MN 
MNP 
CNT 
2.45a (0.048a) 
2.28a (0.047a) 
1.96b (0.043a) 
1.66c (0.048a) 
1.95b (0.048a) 
2.32a (0.041a) 
 1.88a (0.15a) 
 1.84a (0.15a) 
 1.90a (0.15a) 
 2.10a (0.15a) 
 1.84a (0.15a) 
 2.04a (0.13a) 
  2.18b (0.12a) 
  2.24b (0.15a) 
  2.68a (0.16a) 
  2.14b (0.14a) 
  2.52a (0.13a) 
  2.54a (0.13a) 
 2.93a (0.05a) 
2.77a (0.04a) 
2.54a (0.05a) 
2.64a (0.05a) 
2.81a (0.05a) 
2.84a (0.05a) 
2.42a (0.14a) 
 2.20a (0.16a) 
 2.14a (0.14a) 
2.42a (0.15a) 
 2.32a (0.16a) 
2.54a (0.14a) 
2.58a (0.14a) 
2.48a (0.14a) 
2.70a (0.16a) 
2.60a (0.14a) 
1.76a (0.17a) 
2.48a (0.13a) 
 
 
 
 
 
Analysis of Variance (P>F) 
Treatments <0.010 (0.34) 0.579 (0.36)    <0.010 (0.13)  0.172 (0.38) 0.475 (0.14) 0.418 (0.31) 
CNT vs. MN <0.010 (0.14) 0.607 (0.13) 0.105 (0.80)  0.509 (0.85) 0.448 (0.11) 0.322 (0.24) 
CNT vs. B   0.249 (0.27) 0.227 (0.14) 0.142 (0.27)  0.564 (0.99) 0.194 (0.42) 0.105 (0.30) 
MN vs. B <0.010 (0.49) 0.368 (0.84) 0.684 (0.29)  0.870 (0.80) 0.476 (0.21) 0.371 (0.78) 
                        †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, manure + pinewood biochar; CNT, control; B, biochar.  
                    ††Means values with n=4 followed by different letters within a column for different treatments are significantly different at P<0.05. 
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Table 4.3: Pore size distribution after the harvest of soybean in 2014 for soil treated with 
different types of biochar and manure for 0-7.5 cm depth at two landscape positions. 
 
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ------------------------ 
 Depositional Landscape 
CS†   0.012a†† 0.030a 0.039a 0.38a 
PW 0.010a 0.041a 0.041a   0.36ab 
SG 0.011a 0.027a 0.076a 0.38a 
MN 0.021a 0.051a 0.067a 0.40a 
MNP 0.012a 0.033a 0.065a 0.39a 
CNT 0.021a 0.030a 0.071a 0.33b 
Analysis of Variance (P>F) 
Treatments 0.510 0.207 0.426 0.010 
CNT vs. MN 0.584 0.436 0.864 <0.010 
CNT vs. B 0.321 0.318 0.794 <0.010 
MN vs. B 0.576 0.805 0.919 0.070 
 Eroded Landscape 
CS 0.012a 0.038a 0.114a 0.22b 
PW 0.007a 0.050a 0.102a 0.26a 
SG 0.011a 0.055a 0.087a  0.24ab 
MN 0.023a 0.050a 0.134a 0.21b 
MNP 0.023a 0.067a 0.109a  0.23ab 
CNT 0.010a 0.057a 0.110a 0.21b 
Analysis of Variance (P>F) 
Treatments 0.324 0.849 0.364 0.045 
CNT vs. MN 0.272 0.919 0.558 0.393 
CNT vs. B 0.255 0.843 0.805 0.080 
MN vs. B 0.977 0.908 0.632 0.203 
                    †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, 
manure + pinewood biochar; CNT, control; B, biochar.  
                   ††Means values with n=4 followed by different letters within a column for different treatments are                  
significantly different at P<0.05. 
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Table 4.4: Pore size distribution after the planting of soybean in 2015 for soil treated 
with different types of biochar and manure for 0-7.5 cm depth at two landscape positions. 
  
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ------------------------ 
 Depositional Landscape 
CS†   0.019a†† 0.045a 0.053a  0.037ab 
PW 0.017a 0.029a 0.054a 0.039a 
SG 0.016a 0.044a 0.046a  0.037ab 
MN 0.034a 0.049a 0.045a  0.038ab 
MNP 0.021a 0.040a 0.045a 0.040a 
CNT 0.025a 0.053a 0.046a 0.035b 
Analysis of Variance (P>F) 
Treatments 0.254 0.447 0.812 0.041 
CNT vs. MN 0.712 0.521 0.968 0.017 
CNT vs. B 0.563 0.964 0.248 0.066 
MN vs. B 0.806 0.369 0.169 0.180 
 Eroded Landscape 
CS 0.024a 0.030a 0.077a  0.28ab 
PW 0.027a 0.039a 0.067a 0.29a 
SG 0.018a 0.063a 0.058a 0.29a 
MN 0.016a 0.058a 0.068a 0.29a 
MNP 0.015a 0.057a 0.075a   0.28ab 
CNT 0.024a 0.039a 0.084a 0.27b 
Analysis of Variance (P>F) 
Treatments 0.484 0.694 0.572 0.038 
CNT vs. MN 0.601 0.529 0.696 0.033 
CNT vs. B 0.250 0.890 0.386 0.057 
MN vs. B 0.057 0.322 0.550 0.795 
                    †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, 
manure + pinewood biochar; CNT, control; B, biochar.  
                   ††Means values with n=4 followed by different letters within a column for different treatments are                  
significantly different at P<0.05. 
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 Table 4.5: Pore size distribution after the harvest of soybean in 2015 for soil treated with   
different types of biochar and manure for 0-7.5 cm depth at two landscape positions. 
 
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ----------------------- 
 Depositional Landscape 
CS   0.021a†† 0.060a 0.057a 0.37a 
PW 0.028a 0.071a 0.059a 0.36a 
SG 0.019a 0.074a 0.066a 0.35a 
MN 0.024a 0.074a 0.051a 0.37a 
MNP 0.045a 0.072a 0.051a 0.35a 
CNT 0.019a 0.043a 0.049a 0.38a 
Analysis of Variance (P>F) 
Treatments 0.349 0.060 0.591 0.412 
CNT vs. MN 0.545 0.134 0.763 0.134 
CNT vs. B 0.121 0.063 0.051 0.234 
MN vs. B 0.204 0.601 0.038 0.541 
 Eroded Landscape 
CS 0.016b 0.044a 0.085a 0.28ab 
PW  0.020ab 0.050a 0.083a 0.25bc 
SG  0.022ab 0.043a 0.078a  0.26abc 
MN 0.016b 0.050a 0.078a  0.25abc 
MNP 0.027a 0.067a 0.091a      0.28a 
CNT 0.015b 0.043a 0.080a 0.25c 
Analysis of Variance (P>F) 
Treatments 0.048 0.536 0.415 0.027 
CNT vs. MN 0.352 0.197 0.935 0.242 
CNT vs. B 0.042 0.178 0.272 0.110 
MN vs. B 0.106 0.985 0.207 0.552 
                     †CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, 
manure + pinewood biochar; CNT, control; B, biochar.  
                   ††Means values with n=4 followed by different letters within a column for different treatments are                  
significantly different at P<0.05. 
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Table 4.6: Infiltration rate (qs, mm hr
-1) and in-situ moisture content (wfc, kg kg
-1) 
monitored after 24 hours in soils treated with different types of biochar and manure at 
two landscape positions. 
 
Treatments After 
soybean 
harvest 
2014 
After 
soybean 
planting 
2015 
After 
soybean 
harvest 
2015 
 After 
soybean 
harvest 
2014 
After 
soybean 
planting 
2015 
After 
soybean 
harvest 
2015 
 -----------------qs (mm hr-1)------------  ------------- wfc (kg kg-1)--------- 
 Depositional Landscape 
CS†   188a†† 80ab 123a  0.26c 0.28bc 0.28a 
PW    56bc 76ab 116a  0.29a  0.28bc 0.26a 
SG 128ab 72ab 121a   0.27bc  0.27bc 0.29a 
MN     186a 77ab 116a  0.28b  0.29ab 0.29a 
MNP     160a 99a 119a  0.31a    0.31a 0.30a 
CNT   35c 47b 126a  0.25d    0.26c 0.27a 
Analysis of Variance (P>F) 
Treatments <0.010   0.049 0.900  <0.010  <0.010 0.610 
CNT vs. MN <0.010 <0.010 0.899  <0.010 0.012 0.440 
CNT vs. B   0.012 <0.010 0.924  <0.010 0.145 0.820 
MN vs. B   0.052    0.068 0.969    0.043 0.038 0.449 
 Eroded Landscape 
CS   47bc 111a       144a   0.16ab 0.15bc 0.16cd 
PW    68abc   48c  130ab  0.17a 0.16bc 0.17ab 
 SG       33c   101ab 148a  0.16a 0.16bc 0.16bc 
MN   80ab    98ab  77c    0.16ab 0.17ab 0.15cd 
MNP  94a    67bc 168a  0.18a    0.18a    0.18a 
CNT  39c    69bc    90bc  0.15b    0.15c    0.14d 
Analysis of Variance (P>F) 
Treatments  0.010 0.020 <0.010  0.040 0.020 <0.010 
CNT vs. MN     <0.010 0.501   0.117  0.047 0.032 <0.010 
CNT vs. B  0.282 0.330   0.024  0.071 0.513 <0.010 
MN vs. B     <0.010 0.716   0.237  0.597 0.030    0.525 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, Manure, MNP, manure + 
pinewood biochar; CNT, control; B, biochar.  
††Means values with n=4 followed by different letters within a column for different treatments are                  
significantly different at P<0.05.
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Figure. 4.1. Corn stover biochar used for the present study. The picture provided by Dr. Rajesh Chintala. 
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Figure. 4.2. Pinewood biochar used for the present study. The picture provided by Dr. Rajesh Chintala. 
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Figure. 4.3. Switchgrass biochar used for the present study. The picture provided by Dr. Rajesh Chintala. 
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Figure 4.4. Soil water characteristic curve after the harvest of soybean in 2014 (A), after the planting of soybean in 2015 (B), and 
after the harvest of soybean in 2015 at depositional landscape position (A-C) and at eroded landscape position (D-F) as a function of 
soil water pressure (0.0 to -30 kPa) for soil treated with corn stover biochar (CS), pinewood biochar (PW), switchgrass biochar (SG), 
manure (MN), mixture of manure and pinewood biochar (MNP) and control (CNT) for 0-7.5 cm depth of soil.
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CHAPTER 5 
CONCLUSIONS 
 
The impact of three different types of biochar on some soil physical, chemical and 
hydrological properties such as bulk density, soil penetration resistance, soil aggregate 
stability, pH, electrical conductivity (EC), carbon and nitrogen fractions, soil water 
infiltration rate, in-situ moisture retention at field capacity, soil water retention and pore 
size distribution were measured in a field study. During first year of experiment in 2013, 
three types of biochar including corn stover biochar, pinewood biochar, and switchgrass 
biochar were applied in soil at 10 Mg ha-1 rate for the 0-7.5 cm depth along with a control 
treatment at eroded and depositional landscape positions. The treatments were laid down 
in a randomized complete block design with four replications at each landscape positions. 
During second year in 2014, two more treatments including manure, and a mixture of 
manure and pinewood biochar were applied at both the landscape positions to compare 
with the biochar and control treatments. Corn crop was planted in 2013 followed by 
soybean in 2014 and 2015. Soil carbon fractions and physical properties such as bulk 
density, pH, EC, and aggregate stability (1-2 mm) were measured in 2013 and 2014 for 
the plots managed only with biochar treatments, however, soil hydrological properties 
such as soil infiltration rate, in-situ moisture retention after 24 hours of saturation, soil 
water retention and pore size distribution were measured under soybean crop in 2014 and 
2015 for all the treatments including biochar and manure. The following conclusions 
were drawn from the investigations under two different studies that are stated below: 
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Study 1 – Analyzing the impacts of three types of biochar on soil carbon fractions and 
physical properties under a corn-soybean rotation. 
i. Application of biochar in soils impacted labile carbon and nitrogen fractions at the 
eroded landscape position. 
ii. Application of biochar in soil increased the pH of soil at eroded landscape 
position. Therefore, biochar can potentially be used as liming material to 
ameliorate acidic soils. 
iii. Almost negligible impact of biochar on soil physical properties were observed 
which might be due to 10 Mg ha-1 (1% w/w) rate that might not be enough to 
cause changes in soil physical properties under field conditions. 
iv. Biochar treatments affected selected soil properties only for the 0-7.5 cm depth, as 
the biochar was applied at this soil depth. 
v. Biochar is considered recalcitrant, and resistant to microbial degradation, 
however, under certain conditions such as low soil organic matter content, the 
labile part of biochar may be decomposed to support microbial functions in soils 
as revealed by differences in both labile C and N fractions at eroded landscape 
position. 
vi. Further long-term field studies are needed to determine the changes in soil 
physical properties and carbon fraction using higher rates than 10 Mg ha-1 (1% 
w/w) and different types of biochar.  
 
Study 2 – Impact of three types of biochar on hydrological properties of eroded and 
depositional landscape positions 
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i. Biochar and manure treatments significantly improved the water infiltration 
and water retention of soil after the harvest of soybean in 2014 and after the 
planting of soybean in 2015 at both landscape positions. 
ii. Negligible to minimal differences in soil hydrological properties at 
depositional landscape position in clay loam soil were observed after the 
harvest of soybean in 2015 (after three years of biochar incorporation).  
iii. Application of biochar with manure had shown a relatively larger 
improvement in soil hydrological properties than other treatments at both the 
landscape positions. 
iv. Long-term studies are needed in future to evaluate results from our study 
under different climate conditions, different soil types (e.g. eroded soils high 
in clay content), and different application rates.  
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APPENDICES AND SUPPORTING MATERIALS 
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SUPPORTING MATERIALS 
 
S.1 Bulk density (Mg m-3) of soil treated with three different types of biochar for 0-7.5 
and 7.5-15 cm depths at two landscape positions. 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  -----------------0-7.5 cm---------       ---------------7.5-15 cm--------- 
 Depositional Landscape 
CNT† 1.35aA††  1.21abA 1.34aA  1.52aA 1.25bB  1.38aAB 
CS 1.27aA  1.25abA 1.37aA  1.39cB  1.28abC 1.44aA 
PW 1.32aA 1.13bB 1.32aA  1.46bA  1.33abB 1.37aB 
SG 1.34aA 1.29aA 1.39aA   1.49abA 1.38aB 1.49aA 
 Eroded Landscape 
CNT - 1.53aB 1.61aA  - 1.64aA 1.58aA 
CS - 1.41aA 1.61aA  - 1.66aA 1.61aA 
PW - 1.48aA 1.53aA  - 1.56aA 1.62aA 
 SG - 1.49aA 1.55aA  - 1.58aA 1.60aA 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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S.2 Aggregate stability (%) of soil treated with three different types of biochar for 0-7.5 
and 7.5-15 cm depths at two landscape positions 
 
Treatments After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
 After 
Corn 
Planting  
2013 
After 
Corn  
Harvest 
2013 
After 
Soybean  
Harvest 
2014 
  -----------------0-7.5 cm-----------       ---------------7.5-15 cm------- 
 Depositional Landscape 
CNT† 80.7aA†† 80.2aA 82.4aA   82.4abA 76.9aA 82.6aA 
CS 82.7aA 68.6bB   82.6aA  83.6aA 77.1aB 82.7aA 
PW 79.6aA 78.5aB 83.1aA  83.0aA 75.2aA 77.5aA 
SG 80.1aA 75.9aB 81.6aA  81.1bA 76.3aB 82.7aA 
 Eroded Landscape 
CNT 57.8aA  54.1abA 56.7aA  56.8aA 57.3aA 54.0aA 
CS 57.2aA 52.5bA 54.1aA  56.8aA 53.0aA 55.7aA 
PW 52.2aA 60.3aA 55.3aA  57.3aA 51.8aB 57.3aA 
 SG   54.7aAB 51.9bB 58.0aA  58.5aA 58.3aA 58.3aA 
†CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
††Means values with n=4 followed by different lower letters within a column are comparison of treatments 
in each year and upper letters are comparison of each treatment within years at significance level of 
P<0.05. 
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S.3 Soil water retention after the harvest of soybean in 2014 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and Manure for 0-
7.5 cm depth at two landscape positions. 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 --------------------------------------m3 m-3 ------------------------------------ 
 Depositional Landscape 
CS† 0.45bc†† 0.45b 0.44bc 0.43c 0.42cd 0.40a 0.38a 
PW 0.50a 0.48a 0.46ab 0.44bc 0.43bc 0.40a 0.36ab 
SG 0.49a 0.48a 0.47a 0.46ab 0.44ab 0.41a 0.38a 
MN 0.49ab 0.48a 0.47a 0.46ab 0.44b 0.42a 0.40a 
MNP 0.50a 0.49a 0.47a 0.46a 0.45a 0.42a 0.39a 
CNT 0.44c 0.43b 0.42c 0.41d 0.40d 0.37b 0.33b 
 Eroded Landscape 
CS 0.38d 0.37c 0.36c 0.36b 0.33ab 0.28ab 0.22b 
PW 0.42abc 0.41a 0.41a 0.39a 0.36a 0.31a 0.26a 
SG 0.40bcd 0.39abc 0.38abc 0.37ab 0.33ab 0.28b 0.24ab 
MN 0.42ab 0.40ab 0.39abc 0.37ab 0.35ab 0.25b 0.21b 
MNP 0.43a 0.41a 0.40ab 0.39a 0.34ab 0.28ab 0.23ab 
CNT 0.39cd 0.38bc 0.37bc 0.36b 0.32b 0.27b 0.21b 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.4 Soil water retention after the harvest of soybean in 2014 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and manure for 
7.5-15 cm depth at two landscape positions. 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 --------------------------------------m3 m-3 -------------------------------- 
 Depositional Landscape 
CS† 0.50a†† 0.49a 0.48a 0.47a 0.46a 0.43a 0.41a 
PW 0.47a 0.46a 0.45a 0.44a 0.43ab 0.41a 0.37ab 
SG 0.49a 0.48a 0.47a 0.46a 0.44ab 0.41a 0.36ab 
MN 0.46a 0.45a 0.44a 0.43a 0.43ab 0.40a 0.38ab 
MNP 0.49a 0.48a 0.47a 0.46a 0.44ab 0.41a 0.38ab 
CNT 0.48a 0.46a 0.45a 0.44a 0.42b 0.39a 0.34b 
 Eroded Landscape 
CS 0.39a 0.38a 0.37a 0.35a 0.32a 0.25a 0.20a 
PW 0.39a 0.38a 0.37a 0.36a 0.33a 0.26a 0.21a 
SG 0.40a 0.39a 0.39a 0.37a 0.34a 0.28a 0.23a 
MN 0.38a 0.37a 0.37a 0.35a 0.33a 0.27a 0.24a 
MNP 0.40a 0.39a 0.38a 0.36a 0.34a 0.27a 0.22a 
CNT 0.40a 0.39a 0.38a 0.37a 0.34a 0.27a 0.22a 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.5 Soil water retention after the planting of soybean in 2015 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and manure for 0-
7.5 cm at two landscape positions. 
 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 --------------------------------------m3 m-3 --------------------------------- 
 Depositional Landscape 
CS† 0.49ab†† 0.47ab 0.46ab 0.44ab 0.42ab 0.40ab 0.37ab 
PW 0.50ab 0.48ab 0.48a 0.47a 0.45a 0.43a 0.40a 
SG 0.48b 0.47ab 0.45ab 0.44ab 0.42ab 0.40ab 0.38ab 
MN 0.52a 0.48ab 0.47ab 0.45ab 0.44ab 0.41ab 0.39ab 
MNP 0.51ab 0.49a 0.48a 0.46a 0.45a 0.42a 0.40a 
CNT 0.48b 0.46b 0.44b 0.43b 0.40b 0.38b 0.36b 
 Eroded Landscape 
CS 0.42a 0.39c 0.38b 0.37b 0.36a 0.32a 0.28ab 
PW 0.43a 0.40bc 0.38b 0.37b 0.36a 0.33a 0.29a 
SG 0.43a 0.41ab 0.40ab 0.38ab 0.35a 0.31a 0.29a 
MN 0.44a 0.42a 0.41a 0.40a 0.36a 0.33a 0.29a 
MNP 0.43a 0.41ab 0.40ab 0.38ab 0.35a 0.32a 0.28ab 
CNT 0.41a 0.39c 0.38b 0.37b 0.35a 0.31a 0.27b 
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S.6 Soil water retention after the planting of soybean in 2015 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and manure for 
7.5-15 cm depth at two landscape positions. 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
 
 
 
 
 
 
 
 
 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 
--------------------------------------m3 m-3 -----------------------------------
--- 
 Depositional Landscape 
CS† 0.51a†† 0.49a 0.48a 0.46a 0.44a 0.42a 0.39a 
PW 0.50a 0.47a 0.46a 0.44a 0.43a 0.40a 0.37a 
SG 0.48a 0.46a 0.45a 0.44a 0.42a 0.41a 0.37a 
MN 0.49a 0.47a 0.45a 0.43a 0.42a 0.40a 0.37a 
MNP 0.50a 0.47a 0.46a 0.45a 0.43a 0.40a 0.38a 
CNT 0.48a 0.46a 0.45a 0.43a 0.41a 0.39a 0.36a 
 Eroded Landscape 
CS 0.43a 0.42a 0.41a 0.39a 0.34a 0.30a 0.27a 
PW 0.42a 0.41a 0.40a 0.39a 0.33a 0.30a 0.27a 
SG 0.42a 0.41a 0.40a 0.38a 0.34a 0.29a 0.27a 
MN 0.43a 0.41a 0.40a 0.37a 0.36a 0.32a 0.28a 
MNP 0.43a 0.41a 0.40a 0.38a 0.35a 0.32a 0.29a 
CNT 0.42a 0.40a 0.39a 0.38a 0.33a 0.29a 0.25a 
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S.7 Soil water retention after the harvest of soybean in 2015 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and manure for 0-
7.5 cm depth at two landscape positions. 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 --------------------------------------m3 m-3 --------------------------------- 
 Depositional Landscape 
CS† 0.51a†† 0.48a 0.46a 0.45a 0.42a 0.40ab 0.37a 
PW 0.51a 0.49a 0.47a 0.44a 0.42a 0.39ab 0.36a 
SG 0.51a 0.49a 0.47a 0.44a 0.41a 0.37b 0.35a 
MN 0.52a 0.50a 0.48a 0.45a 0.42a 0.40ab 0.37a 
MNP 0.50a 0.48a 0.45a 0.43a 0.40a 0.38ab 0.35a 
CNT 0.50a 0.48a 0.46a 0.45a 0.43a 0.41a 0.38a 
 Eroded Landscape 
CS 0.42ab 0.41ab 0.40a 0.39a 0.36a 0.32a 0.28ab 
PW 0.41bc 0.40abc 0.37ab 0.36ab 0.33a 0.29a 0.25bc 
SG 0.40bc 0.38bc 0.37ab 0.36b 0.34a 0.30a 0.26abc 
MN 0.42abc 0.40abc 0.38ab 0.38ab 0.35a 0.30a 0.25abc 
MNP 0.44a 0.41a 0.40a 0.38ab 0.34a 0.31a 0.28a 
CNT 0.39c 0.37c 0.35b 0.35b 0.33a 0.29a 0.25c 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.8 Soil water retention after the harvest of soybean in 2015 as a function of soil water 
pressure (0.0 to -30 kPa) for soil treated with different types of biochar and manure for 
depth 7.5-15 cm at two landscape positions. 
 
 Soil water pressure (kPa) 
Treatments 0 -0.4 -1.0 -2.5 -5 -10 -30 
 --------------------------------------m3 m-3 ------------------------------- 
 Depositional Landscape 
CS† 0.49a†† 0.47a 0.46a 0.45a 0.43a 0.41a 0.38a 
PW 0.48a 0.47a 0.45a 0.44a 0.42a 0.39 a 0.36a 
SG 0.49a 0.46a 0.44a 0.43a 0.41a 0.39a 0.36a 
MN 0.50a 0.49a 0.48a 0.46a 0.44a 0.42a 0.39a 
MNP 0.49a 0.47a 0.45a 0.43a 0.42a 0.39a 0.37a 
CNT 0.48a 0.46a 0.45a 0.43a 0.41a 0.39a 0.36a 
 Eroded Landscape 
CS 0.38a 0.36a 0.35a 0.35a 0.33a 0.28a 0.25a 
PW 0.39a 0.37a 0.37a 0.35a 0.33a 0.29a 0.26a 
SG 0.38a 0.36a 0.35a 0.34a 0.32a 0.28a 0.25a 
MN 0.36a 0.35a 0.34a 0.33a 0.31a 0.28a 0.24a 
MNP 0.37a 0.36a 0.34a 0.33a 0.31a 0.29a 0.25a 
CNT 0.38a 0.36a 0.35a 0.34a 0.33a 0.30a 0.26a 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.9 Pore size distribution after the harvest of soybean in 2014 for soil treated with 
different types of biochar and manure for 7.5-15 cm depth at two landscape positions. 
 
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ------------------------------- 
 Depositional Landscape 
CS† 0.013a†† 0.031ab 0.049a 0.41a 
PW 0.011a 0.024b 0.064a 0.37ab 
SG 0.013a 0.032ab 0.086a 0.36ab 
MN 0.012a 0.026ab 0.042a 0.38ab 
MNP 0.011a 0.040ab 0.058a 0.38ab 
CNT 0.012a 0.048a 0.074a 0.34b 
 Eroded Landscape 
CS 0.010a 0.055a 0.118a 0.20a 
PW 0.009a 0.047a 0.122a 0.21a 
SG 0.010a 0.057a 0.104a 0.23a 
MN 0.004a 0.040a 0.095a 0.24a 
MNP 0.013a 0.050a 0.120a 0.22a 
CNT 0.014a 0.045a 0.121a 0.22a 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.10 Pore size distribution after the planting of soybean in 2015 for soil treated with 
different types of biochar and manure for 7.5-15 cm depth at two landscape positions. 
 
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ------------------------------- 
 Depositional Landscape 
CS† 0.024ab†† 0.049a 0.054a 0.39a 
PW 0.035a 0.041a 0.051a 0.37a 
SG 0.021b 0.039a 0.050a 0.37a 
MN 0.023ab 0.046a 0.047a 0.37a 
MNP 0.024ab 0.040a 0.052a 0.38a 
CNT 0.021b 0.045a 0.056a 0.36a 
 Eroded Landscape 
CS 0.010a 0.083a 0.067a 0.27a 
PW 0.014a 0.074a 0.067a 0.27a 
SG 0.016a 0.070a 0.070a 0.27a 
MN 0.014a 0.044a 0.083a 0.28a 
MNP 0.018a 0.060a 0.068a 0.29a 
CNT 0.021a 0.076a 0.072a 0.25a 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
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S.11 Pore size distribution after the harvest of soybean in 2015 for soil treated with 
different types of biochar and manure for 7.5-15 cm depth at two landscape positions 
 
Treatments 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 µm) 
Fine 
Mesopores 
(10-60 µm) 
Micropores 
(<10 µm) 
 ---------------------------------m3 m-3 ------------------------------- 
 Depositional Landscape 
CS† 0.017a†† 0.042a 0.052a 0.38a 
PW 0.013a 0.049a 0.056a 0.36a 
SG 0.025a 0.051a 0.050a 0.36a 
MN 0.017a 0.046a 0.052a 0.39a 
MNP 0.017a 0.049a 0.049a 0.37a 
CNT 0.021a 0.053a 0.048a 0.36a 
 Eroded Landscape 
CS 0.012a 0.034a 0.077a 0.25a 
PW 0.013a 0.039a 0.075a 0.26a 
SG 0.012a 0.049a 0.062a 0.25a 
MN 0.016a 0.033a 0.077a 0.24a 
MNP 0.015a 0.042a 0.057a 0.25a 
CNT 0.009a 0.022a 0.072a 0.26a 
†CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar; MN, manure, MNP, manure +  
pinewood biochar; CNT, control. 
††Means values followed by different letters within a column for different treatments are significantly 
different at P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
98 
  
           
APPENDIX 1 
A1.1 pH of soil for 0-7.5 and 7.5-15 cm depths after the planting of corn in 2013 at 
depositional (DP) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
102 DP 1 4.60 CNT 102 DP 1 6.02 CNT 
206 DP 2 4.77 CNT 206 DP 2 5.13 CNT 
303 DP 3 5.94 CNT 303 DP 3 6.27 CNT 
405 DP 4 5.73 CNT 405 DP 4 5.79 CNT 
106 DP 1 4.80 CS 106 DP 1 5.10 CS 
203 DP 2 5.94 CS 203 DP 2 6.15 CS 
301 DP 3 5.96 CS 301 DP 3 6.72 CS 
404 DP 4 5.53 CS 404 DP 4 6.03 CS 
101 DP 1 5.31 PW 101 DP 1 5.47 PW 
205 DP 2 5.35 PW 205 DP 2 5.70 PW 
304 DP 3 5.70 PW 304 DP 3 6.38 PW 
402 DP 4 5.25 PW 402 DP 4 6.69 PW 
104 DP 1 5.68 SG 104 DP 1 5.70 SG 
202 DP 2 5.83 SG 202 DP 2 6.38 SG 
305 DP 3 5.44 SG 305 DP 3 6.05 SG 
406 DP 4 5.39 SG 406 DP 4 5.18 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.2 pH of soil for 0-7.5 and 7.5-15 cm depths after the planting of corn in 2013 at 
eroded (ER) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
106 ER 1 4.57 CNT 106 ER 1 5.03 CNT 
205 ER 2 5.35 CNT 205 ER 2 5.25 CNT 
301 ER 3 5.06 CNT 301 ER 3 5.58 CNT 
404 ER 4 4.34 CNT 404 ER 4 5.14 CNT 
103 ER 1 6.18 CS 103 ER 1 5.50 CS 
201 ER 2 5.32 CS 201 ER 2 5.25 CS 
304 ER 3 4.7 CS 304 ER 3 5.28 CS 
403 ER 4 5.01 CS 403 ER 4 5.26 CS 
102 ER 1 4.88 PW 102 ER 1 5.12 PW 
206 ER 2 4.82 PW 206 ER 2 5.31 PW 
303 ER 3 5.16 PW 303 ER 3 5.41 PW 
405 ER 4 4.98 PW 405 ER 4 5.37 PW 
105 ER 1 5.46 SG 105 ER 1 5.34 SG 
202 ER 2 5.31 SG 202 ER 2 5.23 SG 
306 ER 3 4.73 SG 306 ER 3 5.16 SG 
402 ER 4 5.08 SG 402 ER 4 5.53 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.3 pH of soil for 0-7.5 and 7.5-15 cm depths after the harvest of corn in 2013 at 
depositional (DP) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
102 DP 1 5.48 CNT 102 DP 1 5.91 CNT 
206 DP 2 4.84 CNT 206 DP 2 5.21 CNT 
303 DP 3 5.29 CNT 303 DP 3 5.98 CNT 
405 DP 4 5.31 CNT 405 DP 4 5.60 CNT 
106 DP 1 4.75 CS 106 DP 1 4.88 CS 
203 DP 2 5.49 CS 203 DP 2 5.74 CS 
301 DP 3 5.58 CS 301 DP 3 6.38 CS 
404 DP 4 5.71 CS 404 DP 4 6.10 CS 
101 DP 1 5.39 PW 101 DP 1 6.18 PW 
205 DP 2 5.36 PW 205 DP 2 5.29 PW 
304 DP 3 5.38 PW 304 DP 3 6.33 PW 
402 DP 4 5.92 PW 402 DP 4 6.00 PW 
104 DP 1 5.16 SG 104 DP 1 5.34 SG 
202 DP 2 5.25 SG 202 DP 2 5.73 SG 
305 DP 3 5.55 SG 305 DP 3 5.76 SG 
406 DP 4 5.38 SG 406 DP 4 5.76 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.4 pH of soil for 0-7.5 and 7.5-15 cm depths after the harvest of corn in 2013 at eroded 
(ER) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
106 ER 1 4.48 CNT 106 ER 1 4.84 CNT 
205 ER 2 4.42 CNT 205 ER 2 4.91 CNT 
301 ER 3 4.45 CNT 301 ER 3 4.90 CNT 
404 ER 4 4.52 CNT 404 ER 4 4.98 CNT 
103 ER 1 5.01 CS 103 ER 1 4.97 CS 
201 ER 2 4.77 CS 201 ER 2 4.62 CS 
304 ER 3 4.44 CS 304 ER 3 5.31 CS 
403 ER 4 5.41 CS 403 ER 4 4.66 CS 
102 ER 1 4.55 PW 102 ER 1 4.66 PW 
206 ER 2 4.73 PW 206 ER 2 4.62 PW 
303 ER 3 4.91 PW 303 ER 3 5.23 PW 
405 ER 4 4.82 PW 405 ER 4 4.97 PW 
105 ER 1 4.90 SG 105 ER 1 4.73 SG 
202 ER 2 4.81 SG 202 ER 2 4.29 SG 
306 ER 3 4.86 SG 306 ER 3 5.27 SG 
402 ER 4 4.92 SG 402 ER 4 5.15 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.5 pH of soil for 0-7.5 and 7.5-15 cm depth after the harvest of soybeans in 2014 at 
depositional (DP) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
106 DP 1 5.18 CNT 106 DP 1 4.81 CNT 
205 DP 2 5.62 CNT 205 DP 2 5.55 CNT 
301 DP 3 5.91 CNT 301 DP 3 6.68 CNT 
404 DP 4 5.94 CNT 404 DP 4 6.50 CNT 
103 DP 1 5.80 CS 103 DP 1 5.84 CS 
201 DP 2 6.30 CS 201 DP 2 6.43 CS 
304 DP 3 5.95 CS 304 DP 3 6.03 CS 
403 DP 4 5.18 CS 403 DP 4 5.42 CS 
102 DP 1 5.72 PW 102 DP 1 5.60 PW 
206 DP 2 5.04 PW 206 DP 2 6.29 PW 
303 DP 3 5.90 PW 303 DP 3 5.93 PW 
405 DP 4 5.48 PW 405 DP 4 5.79 PW 
105 DP 1 5.58 SG 105 DP 1 5.29 SG 
202 DP 2 5.80 SG 202 DP 2 6.16 SG 
306 DP 3 5.81 SG 306 DP 3 5.46 SG 
402 DP 4 6.02 SG 402 DP 4 6.08 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.6 pH of soil for 0-7.5 and 7.5-15 cm depths after the harvest of soybean in 2014 at 
eroded (ER) landscape position. 
REP, replication; pH, pH of soil; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP pH TRT Plot Location REP pH TRT 
106 ER 1 4.63 CNT 106 ER 1 4.46 CNT 
205 ER 2 5.04 CNT 205 ER 2 5.25 CNT 
301 ER 3 4.60 CNT 301 ER 3 5.25 CNT 
404 ER 4 4.58 CNT 404 ER 4 5.40 CNT 
103 ER 1 5.25 CS 103 ER 1 4.73 CS 
201 ER 2 4.98 CS 201 ER 2 4.94 CS 
304 ER 3 4.91 CS 304 ER 3 5.45 CS 
403 ER 4 5.23 CS 403 ER 4 5.07 CS 
102 ER 1 4.69 PW 102 ER 1 5.02 PW 
206 ER 2 5.31 PW 206 ER 2 4.82 PW 
303 ER 3 4.94 PW 303 ER 3 4.83 PW 
405 ER 4 4.81 PW 405 ER 4 5.09 PW 
105 ER 1 4.93 SG 105 ER 1 4.87 SG 
202 ER 2 5.16 SG 202 ER 2 4.53 SG 
306 ER 3 5.50 SG 306 ER 3 4.90 SG 
402 ER 4 5.34 SG 402 ER 4 5.06 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.7 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at depositional (DP) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
102 DP 1 232.3 CNT 102 DP 1 152.5 CNT 
206 DP 2 290.3 CNT 206 DP 2 27.04 CNT 
303 DP 3 120.9 CNT 303 DP 3 114.1 CNT 
405 DP 4 149.1 CNT 405 DP 4 155.4 CNT 
106 DP 1 169.8 CS 106 DP 1 47.50 CS 
203 DP 2 208.2 CS 203 DP 2 127.7 CS 
301 DP 3 45.61 CS 301 DP 3 151.2 CS 
404 DP 4 61.05 CS 404 DP 4 130.9 CS 
101 DP 1 131.2 PW 101 DP 1 122.7 PW 
205 DP 2 142.9 PW 205 DP 2 192.2 PW 
304 DP 3 130.0 PW 304 DP 3 136.8 PW 
402 DP 4 86.83 PW 402 DP 4 192.3 PW 
104 DP 1 204.5 SG 104 DP 1 202.9 SG 
202 DP 2 193.4 SG 202 DP 2 136.0 SG 
305 DP 3 94.96 SG 305 DP 3 129.4 SG 
406 DP 4 237.4 SG 406 DP 4 374.9 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.8 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at eroded (ER) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
106 ER 1 79.04 CNT 106 ER 1 129.1 CNT 
205 ER 2 140.8 CNT 205 ER 2 72.29 CNT 
301 ER 3 171.7 CNT 301 ER 3 67.72 CNT 
404 ER 4 76.56 CNT 404 ER 4 110.7 CNT 
103 ER 1 59.49 CS 103 ER 1 219.0 CS 
201 ER 2 122.5 CS 201 ER 2 120.0 CS 
304 ER 3 119.7 CS 304 ER 3 98.36 CS 
403 ER 4 61.12 CS 403 ER 4 213.6 CS 
102 ER 1 87.74 PW 102 ER 1 111.8 PW 
206 ER 2 102.6 PW 206 ER 2 142.8 PW 
303 ER 3 97.18 PW 303 ER 3 129.2 PW 
405 ER 4 50.00 PW 405 ER 4 82.88 PW 
105 ER 1 171.2 SG 105 ER 1 172.2 SG 
202 ER 2 178.1 SG 202 ER 2 137.4 SG 
306 ER 3 123.5 SG 306 ER 3 157.4 SG 
402 ER 4 74.44 SG 402 ER 4 107.1 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.9 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvesting of corn in 2013 at depositional (DP) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
102 DP 1 304.3 CNT 102 DP 1 187.5 CNT 
206 DP 2 297.4 CNT 206 DP 2 175.0 CNT 
303 DP 3 243.0 CNT 303 DP 3 150.1 CNT 
405 DP 4 285.8 CNT 405 DP 4 323.0 CNT 
106 DP 1 437.7 CS 106 DP 1 240.0 CS 
203 DP 2 242.6 CS 203 DP 2 131.2 CS 
301 DP 3 307.4 CS 301 DP 3 138.3 CS 
404 DP 4 275.3 CS 404 DP 4 152.0 CS 
101 DP 1 319.5 PW 101 DP 1 242.1 PW 
205 DP 2 342.4 PW 205 DP 2 191.5 PW 
304 DP 3 173.2 PW 304 DP 3 98.33 PW 
402 DP 4 262.6 PW 402 DP 4 136.5 PW 
104 DP 1 402.5 SG 104 DP 1 233.8 SG 
202 DP 2 248.5 SG 202 DP 2 240.0 SG 
305 DP 3 268.3 SG 305 DP 3 126.1 SG 
406 DP 4 261.7 SG 406 DP 4 105.3 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.10 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvesting of corn in 2013 at eroded (ER) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
106 ER 1 205.3 CNT 106 ER 1 113.5 CNT 
205 ER 2 200.4 CNT 205 ER 2 102.4 CNT 
301 ER 3 240.4 CNT 301 ER 3 92.73 CNT 
404 ER 4 236.0 CNT 404 ER 4 119.1 CNT 
103 ER 1 88.87 CS 103 ER 1 100.8 CS 
201 ER 2 200.1 CS 201 ER 2 121.8 CS 
304 ER 3 222.6 CS 304 ER 3 80.38 CS 
403 ER 4 287.7 CS 403 ER 4 187.8 CS 
102 ER 1 196.0 PW 102 ER 1 128.0 PW 
206 ER 2 271.3 PW 206 ER 2 159.6 PW 
303 ER 3 211.2 PW 303 ER 3 129.0 PW 
405 ER 4 180.5 PW 405 ER 4 112.6 PW 
105 ER 1 232.4 SG 105 ER 1 208.1 SG 
202 ER 2 208.7 SG 202 ER 2 229.1 SG 
306 ER 3 240.0 SG 306 ER 3 107.6 SG 
402 ER 4 180.6 SG 402 ER 4 97.89 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
 
 
 
 
108 
  
           
A1.11 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvesting of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
106 DP 1 202.5 CNT 106 DP 1 115.7 CNT 
205 DP 2 96.00 CNT 205 DP 2 97.53 CNT 
301 DP 3 172.7 CNT 301 DP 3 112.6 CNT 
404 DP 4 101.6 CNT 404 DP 4 106.0 CNT 
103 DP 1 145.0 CS 103 DP 1 114.3 CS 
201 DP 2 210.5 CS 201 DP 2 120.3 CS 
304 DP 3 72.51 CS 304 DP 3 80.71 CS 
403 DP 4 55.36 CS 403 DP 4 111.1 CS 
102 DP 1 143.0 PW 102 DP 1 108.1 PW 
206 DP 2 174.8 PW 206 DP 2 144.7 PW 
303 DP 3 83.10 PW 303 DP 3 91.27 PW 
405 DP 4 116.6 PW 405 DP 4 78.81 PW 
105 DP 1 287.9 SG 105 DP 1 105.7 SG 
202 DP 2 122.1 SG 202 DP 2 85.26 SG 
306 DP 3 179.2 SG 306 DP 3 106.0 SG 
402 DP 4 107.9 SG 402 DP 4 79.70 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.12 Electrical conductivity (µS cm-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvesting of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; EC; electrical conductivity, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP EC TRT Plot Location REP EC TRT 
106 ER 1 93.93 CNT 106 ER 1 63.15 CNT 
205 ER 2 99.06 CNT 205 ER 2 67.57 CNT 
301 ER 3 115.8 CNT 301 ER 3 45.37 CNT 
404 ER 4 107.6 CNT 404 ER 4 62.64 CNT 
103 ER 1 116.1 CS 103 ER 1 81.69 CS 
201 ER 2 85.42 CS 201 ER 2 51.15 CS 
304 ER 3 91.99 CS 304 ER 3 50.90 CS 
403 ER 4 108.1 CS 403 ER 4 81.97 CS 
102 ER 1 110.8 PW 102 ER 1 51.51 PW 
206 ER 2 75.80 PW 206 ER 2 61.61 PW 
303 ER 3 97.20 PW 303 ER 3 60.09 PW 
405 ER 4 113.6 PW 405 ER 4 74.62 PW 
105 ER 1 110.1 SG 105 ER 1 66.29 SG 
202 ER 2 83.83 SG 202 ER 2 64.93 SG 
306 ER 3 122.5 SG 306 ER 3 66.06 SG 
402 ER 4 115.2 SG 402 ER 4 59.09 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.13 Bulk density (Mg m-3) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; BD; bulk density, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP BD TRT Plot Location REP BD TRT 
102 DP 1 1.31 CNT 102 DP 1 1.55 CNT 
206 DP 2 1.38 CNT 206 DP 2 1.50 CNT 
303 DP 3 1.35 CNT 303 DP 3 1.48 CNT 
405 DP 4 1.34 CNT 405 DP 4 1.52 CNT 
106 DP 1 1.14 CS 106 DP 1 1.33 CS 
203 DP 2 1.30 CS 203 DP 2 1.42 CS 
301 DP 3 1.41 CS 301 DP 3 1.39 CS 
404 DP 4 1.22 CS 404 DP 4 1.42 CS 
101 DP 1 1.32 PW 101 DP 1 1.47 PW 
205 DP 2 1.45 PW 205 DP 2 1.41 PW 
304 DP 3 1.03 PW 304 DP 3 1.47 PW 
402 DP 4 1.47 PW 402 DP 4 1.47 PW 
104 DP 1 1.40 SG 104 DP 1 1.49 SG 
202 DP 2 1.38 SG 202 DP 2 1.54 SG 
305 DP 3 1.20 SG 305 DP 3 1.48 SG 
406 DP 4 1.36 SG 406 DP 4 1.47 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.14 Bulk density (Mg m-3) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; BD; bulk density, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP BD TRT Plot Location REP BD TRT 
102 DP 1 1.23 CNT 102 DP 1 1.21 CNT 
206 DP 2 1.23 CNT 206 DP 2 1.31 CNT 
303 DP 3 1.02 CNT 303 DP 3 1.15 CNT 
405 DP 4 1.38 CNT 405 DP 4 1.35 CNT 
106 DP 1 1.39 CS 106 DP 1 1.17 CS 
203 DP 2 1.28 CS 203 DP 2 1.29 CS 
301 DP 3 1.12 CS 301 DP 3 1.29 CS 
404 DP 4 1.19 CS 404 DP 4 1.39 CS 
101 DP 1 1.09 PW 101 DP 1 1.34 PW 
205 DP 2 1.23 PW 205 DP 2 1.29 PW 
304 DP 3 1.03 PW 304 DP 3 1.36 PW 
402 DP 4 1.17 PW 402 DP 4 1.33 PW 
104 DP 1 1.18 SG 104 DP 1 1.41 SG 
202 DP 2 1.38 SG 202 DP 2 1.44 SG 
305 DP 3 1.24 SG 305 DP 3 1.33 SG 
406 DP 4 1.35 SG 406 DP 4 1.36 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.15 Bulk density (Mg m-3) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
corn in 2013 at eroded (ER) landscape position. 
REP, replication; BD; bulk density, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP BD TRT Plot Location REP BD TRT 
106 ER 1 1.56 CNT 106 ER 1 1.71 CNT 
205 ER 2 1.35 CNT 205 ER 2 1.42 CNT 
301 ER 3 1.61 CNT 301 ER 3 1.72 CNT 
404 ER 4 1.58 CNT 404 ER 4 1.69 CNT 
103 ER 1 1.63 CS 103 ER 1 1.70 CS 
201 ER 2 1.51 CS 201 ER 2 1.60 CS 
304 ER 3 1.38 CS 304 ER 3 1.63 CS 
403 ER 4 1.11 CS 403 ER 4 1.72 CS 
102 ER 1 1.31 PW 102 ER 1 1.33 PW 
206 ER 2 1.46 PW 206 ER 2 1.60 PW 
303 ER 3 1.52 PW 303 ER 3 1.63 PW 
405 ER 4 1.62 PW 405 ER 4 1.69 PW 
105 ER 1 1.49 SG 105 ER 1 1.59 SG 
202 ER 2 1.60 SG 202 ER 2 1.56 SG 
306 ER 3 1.40 SG 306 ER 3 1.55 SG 
402 ER 4 1.46 SG 402 ER 4 1.60 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.16 Bulk density (Mg m-3) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
soybean in 2014 at depositional (DP) landscape position. 
REP, replication; BD; bulk density, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP BD TRT Plot Location REP BD TRT 
102 DP 1 1.37 CNT 102 DP 1 1.42 CNT 
206 DP 2 1.35 CNT 206 DP 2 1.23 CNT 
303 DP 3 1.31 CNT 303 DP 3 1.46 CNT 
405 DP 4 1.34 CNT 405 DP 4 1.43 CNT 
106 DP 1 1.27 CS 106 DP 1 1.34 CS 
203 DP 2 1.41 CS 203 DP 2 1.48 CS 
301 DP 3 1.40 CS 301 DP 3 1.47 CS 
404 DP 4 1.36 CS 404 DP 4 1.49 CS 
101 DP 1 1.37 PW 101 DP 1 1.34 PW 
205 DP 2 1.33 PW 205 DP 2 1.45 PW 
304 DP 3 1.29 PW 304 DP 3 1.32 PW 
402 DP 4 1.30 PW 402 DP 4 1.38 PW 
305 DP 1 1.42 SG 104 DP 1 1.53 SG 
104 DP 2 1.36 SG 202 DP 2 1.52 SG 
202 DP 3 1.39 SG 305 DP 3 1.41 SG 
406 DP 4 1.38 SG 406 DP 4 1.50 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.17 Bulk density (Mg m-3) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
soybean in 2014 at eroded (ER) landscape position. 
REP, replication; BD, bulk density; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP BD TRT Plot Location REP BD TRT 
106 ER 1 1.65 CNT 106 ER 1 1.61 CNT 
205 ER 2 1.45 CNT 205 ER 2 1.61 CNT 
301 ER 3 1.65 CNT 301 ER 3 1.64 CNT 
404 ER 4 1.69 CNT 404 ER 4 1.69 CNT 
103 ER 1 1.57 CS 103 ER 1 1.50 CS 
201 ER 2 1.69 CS 201 ER 2 1.68 CS 
304 ER 3 1.63 CS 304 ER 3 1.65 CS 
403 ER 4 1.56 CS 403 ER 4 1.65 CS 
102 ER 1 1.55 PW 102 ER 1 1.63 PW 
206 ER 2 1.42 PW 206 ER 2 1.59 PW 
303 ER 3 1.55 PW 303 ER 3 1.60 PW 
405 ER 4 1.59 PW 405 ER 4 1.64 PW 
105 ER 1 1.62 SG 105 ER 1 1.56 SG 
202 ER 2 1.57 SG 202 ER 2 1.64 SG 
306 ER 3 1.42 SG 306 ER 3 1.52 SG 
402 ER 4 1.58 SG 402 ER 4 1.67 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.18 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; LN, labile nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
102 DP 1 2.08 CNT 102 DP 1 1.02 CNT 
205 DP 2 1.20 CNT 301 DP 2 0.91 CNT 
303 DP 3 1.22 CNT 303 DP 3 0.98 CNT 
405 DP 4 1.54 CNT 405 DP 4 1.35 CNT 
106 DP 1 2.38 CS 106 DP 1 2.12 CS 
203 DP 2 1.86 CS 203 DP 2 0.93 CS 
206 DP 3 2.45 CS 301 DP 3 1.01 CS 
404 DP 4 1.19 CS 404 DP 4 1.03 CS 
101 DP 1 1.44 PW 101 DP 1 1.30 PW 
204 DP 2 0.97 PW 206 DP 2 2.53 PW 
304 DP 3 2.21 PW 304 DP 3 1.04 PW 
402 DP 4 1.39 PW 402 DP 4 1.13 PW 
104 DP 1 1.76 SG 104 DP 1 2.02 SG 
202 DP 2 1.48 SG 202 DP 2 0.98 SG 
305 DP 3 1.28 SG 305 DP 3 0.97 SG 
406 DP 4 1.34 SG 406 DP 4 2.75 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.19 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at eroded (ER) landscape position. 
REP, replication; LN, labile nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
106 ER 1 1.47 CNT 106 ER 1 0.93 CNT 
205 ER 2 1.10 CNT 205 ER 2 0.83 CNT 
301 ER 3 2.37 CNT 301 ER 3 0.76 CNT 
404 ER 4 2.97 CNT 404 ER 4 0.84 CNT 
103 ER 1 1.95 CS 103 ER 1 1.44 CS 
201 ER 2 1.06 CS 201 ER 2 0.94 CS 
304 ER 3 1.72 CS 304 ER 3 0.73 CS 
403 ER 4 1.61 CS 403 ER 4 0.86 CS 
102 ER 1 0.94 PW 102 ER 1 0.92 PW 
206 ER 2 1.46 PW 206 ER 2 1.62 PW 
303 ER 3 1.63 PW 303 ER 3 0.96 PW 
405 ER 4 1.04 PW 405 ER 4 0.81 PW 
105 ER 1 1.29 SG 105 ER 1 1.34 SG 
202 ER 2 0.60 SG 202 ER 2 0.94 SG 
306 ER 3 1.42 SG 306 ER 3 1.14 SG 
402 ER 4 0.94 SG 402 ER 4 1.00 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.20 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of corn in 2013 at depositional (DP) landscape position. 
REP, replication; LN, labile nitrogen, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
102 DP 1 1.88 CNT 102 DP 1 1.07 CNT 
206 DP 2 2.46 CNT 206 DP 2 1.38 CNT 
303 DP 3 1.88 CNT 303 DP 3 1.20 CNT 
405 DP 4 1.71 CNT 405 DP 4 1.92 CNT 
106 DP 1 3.37 CS 106 DP 1 1.33 CS 
203 DP 2 1.64 CS 203 DP 2 1.52 CS 
301 DP 3 2.35 CS 301 DP 3 1.32 CS 
404 DP 4 2.14 CS 404 DP 4 2.56 CS 
101 DP 1 2.41 PW 101 DP 1 1.01 PW 
205 DP 2 2.60 PW 205 DP 2 1.23 PW 
304 DP 3 1.49 PW 304 DP 3 0.98 PW 
402 DP 4 1.23 PW 401 DP 4 1.99 PW 
104 DP 1 2.95 SG 104 DP 1 1.34 SG 
202 DP 2 2.07 SG 202 DP 2 1.55 SG 
305 DP 3 1.67 SG 305 DP 3 1.05 SG 
406 DP 4 1.29 SG 406 DP 4 1.38 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.21 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of corn in 2013 at eroded (ER) landscape position. 
REP, replication; LN, labile nitrogen, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
106 ER 1 1.49 CNT 106 ER 1 0.75 CNT 
205 ER 2 1.28 CNT 205 ER 2 0.72 CNT 
301 ER 3 1.66 CNT 301 ER 3 0.63 CNT 
404 ER 4 1.52 CNT 404 ER 4 2.63 CNT 
103 ER 1 1.28 CS 103 ER 1 0.63 CS 
201 ER 2 1.52 CS 201 ER 2 0.92 CS 
304 ER 3 1.47 CS 304 ER 3 0.53 CS 
403 ER 4 1.21 CS 403 ER 4 1.01 CS 
102 ER 1 1.52 PW 102 ER 1 1.07 PW 
206 ER 2 1.73 PW 206 ER 2 1.14 PW 
303 ER 3 1.38 PW 303 ER 3 1.04 PW 
405 ER 4 1.19 PW 405 ER 4 0.67 PW 
105 ER 1 1.97 SG 105 ER 1 1.28 SG 
202 ER 2 1.65 SG 202 ER 2 0.49 SG 
306 ER 3 1.64 SG 306 ER 3 0.66 SG 
402 ER 4 0.92 SG 402 ER 4 0.76 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.22 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; LN, labile nitrogen, TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
102 DP 1 0.98 CNT 102 DP 1 0.72 CNT 
206 DP 2 1.37 CNT 206 DP 2 0.84 CNT 
303 DP 3 0.59 CNT 303 DP 3 0.76 CNT 
404 DP 4 0.75 CNT 405 DP 4 0.61 CNT 
106 DP 1 1.35 CS 106 DP 1 0.80 CS 
203 DP 2 1.56 CS 203 DP 2 0.62 CS 
301 DP 3 1.13 CS 301 DP 3 0.55 CS 
405 DP 4 0.90 CS 404 DP 4 0.77 CS 
101 DP 1 0.80 PW 101 DP 1 0.73 PW 
205 DP 2 0.69 PW 205 DP 2 0.74 PW 
304 DP 3 0.67 PW 304 DP 3 0.67 PW 
402 DP 4 0.77 PW 402 DP 4 0.59 PW 
104 DP 1 0.92 SG 104 DP 1 0.62 SG 
202 DP 2 0.84 SG 202 DP 2 0.66 SG 
305 DP 3 0.82 SG 305 DP 3 0.63 SG 
406 DP 4 0.94 SG 406 DP 4 0.64 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.23 Labile nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; LN, labile nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LN TRT Plot Location REP LN TRT 
106 ER 1 0.88 CNT 106 ER 1 0.48 CNT 
205 ER 2 0.49 CNT 205 ER 2 0.50 CNT 
301 ER 3 0.89 CNT 301 ER 3 0.55 CNT 
404 ER 4 0.85 CNT 404 ER 4 0.43 CNT 
103 ER 1 0.83 CS 103 ER 1 0.58 CS 
201 ER 2 0.81 CS 201 ER 2 0.40 CS 
304 ER 3 0.68 CS 304 ER 3 0.49 CS 
403 ER 4 0.85 CS 403 ER 4 0.54 CS 
102 ER 1 0.72 PW 102 ER 1 0.41 PW 
206 ER 2 0.65 PW 206 ER 2 0.60 PW 
303 ER 3 0.82 PW 303 ER 3 0.54 PW 
405 ER 4 0.91 PW 405 ER 4 0.55 PW 
105 ER 1 0.75 SG 105 ER 1 0.68 SG 
202 ER 2 0.69 SG 202 ER 2 0.54 SG 
306 ER 3 0.90 SG 306 ER 3 0.55 SG 
402 ER 4 0.92 SG 402 ER 4 0.47 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.24 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LC TRT Plot Location REP LC TRT 
102 DP 1 5.41 CNT 102 DP 1 5.79 CNT 
205 DP 2 6.92 CNT 301 DP 2 5.39 CNT 
303 DP 3 7.87 CNT 303 DP 3 6.55 CNT 
405 DP 4 10.50 CNT 405 DP 4 6.24 CNT 
106 DP 1 7.88 CS 106 DP 1 7.72 CS 
203 DP 2 5.49 CS 203 DP 2 5.91 CS 
206 DP 3 5.62 CS 301 DP 3 7.16 CS 
404 DP 4 6.21 CS 404 DP 4 5.93 CS 
101 DP 1 7.53 PW 101 DP 1 3.80 PW 
204 DP 2 5.69 PW 206 DP 2 9.73 PW 
304 DP 3 8.40 PW 304 DP 3 5.69 PW 
402 DP 4 10.71 PW 402 DP 4 4.62 PW 
104 DP 1 7.65 SG 104 DP 1 5.66 SG 
202 DP 2 6.84 SG 202 DP 2 5.58 SG 
305 DP 3 7.36 SG 305 DP 3 6.64 SG 
406 DP 4 6.48 SG 406 DP 4 7.28 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
 
 
 
 
 
122 
  
           
A1.25 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at eroded (ER) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LC TRT Plot Location REP LC TRT 
106 ER 1 6.55 CNT 106 ER 1 4.77 CNT 
205 ER 2 6.41 CNT 205 ER 2 4.95 CNT 
301 ER 3 3.77 CNT 301 ER 3 2.85 CNT 
404 ER 4 7.97 CNT 404 ER 4 5.11 CNT 
103 ER 1 6.20 CS 103 ER 1 7.09 CS 
201 ER 2 6.78 CS 201 ER 2 5.47 CS 
304 ER 3 7.99 CS 304 ER 3 4.58 CS 
403 ER 4 5.24 CS 403 ER 4 4.71 CS 
102 ER 1 5.46 PW 102 ER 1 5.57 PW 
206 ER 2 5.33 PW 206 ER 2 5.11 PW 
303 ER 3 6.99 PW 303 ER 3 5.76 PW 
405 ER 4 5.82 PW 405 ER 4 4.40 PW 
105 ER 1 8.11 SG 105 ER 1 6.97 SG 
202 ER 2 2.91 SG 202 ER 2 5.17 SG 
306 ER 3 9.59 SG 306 ER 3 5.73 SG 
402 ER 4 4.94 SG 402 ER 4 6.22 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.26 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm  
Plot Location REP LC TRT Plot Location REP LC TRT 
102 DP 1 4.75 CNT 102 DP 1 5.22 CNT 
206 DP 2 4.49 CNT 206 DP 2 2.86 CNT 
303 DP 3 2.68 CNT 303 DP 3 3.46 CNT 
405 DP 4 6.36 CNT 405 DP 4 3.67 CNT 
106 DP 1 6.23 CS 106 DP 1 4.71 CS 
203 DP 2 3.15 CS 203 DP 2 4.28 CS 
301 DP 3 2.16 CS 301 DP 3 2.85 CS 
404 DP 4 3.29 CS 404 DP 4 3.63 CS 
101 DP 1 2.55 PW 101 DP 1 4.05 PW 
205 DP 2 4.36 PW 205 DP 2 4.31 PW 
304 DP 3 3.33 PW 304 DP 3 3.36 PW 
402 DP 4 3.60 PW 401 DP 4 3.73 PW 
104 DP 1 3.24 SG 104 DP 1 3.86 SG 
202 DP 2 2.73 SG 202 DP 2 3.29 SG 
305 DP 3 4.13 SG 305 DP 3 4.12 SG 
406 DP 4 5.96 SG 406 DP 4 5.30 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.27 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
corn in 2013 at eroded (ER) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LC TRT Plot Location REP LC TRT 
106 ER 1 1.59 CNT 106 ER 1 1.51 CNT 
205 ER 2 1.63 CNT 205 ER 2 3.17 CNT 
301 ER 3 2.02 CNT 301 ER 3 1.60 CNT 
404 ER 4 4.38 CNT 404 ER 4 2.11 CNT 
103 ER 1 2.28 CS 103 ER 1 1.90 CS 
201 ER 2 1.93 CS 201 ER 2 2.41 CS 
304 ER 3 4.51 CS 304 ER 3 2.97 CS 
403 ER 4 3.96 CS 403 ER 4 2.38 CS 
102 ER 1 3.63 PW 102 ER 1 2.42 PW 
206 ER 2 4.48 PW 206 ER 2 2.26 PW 
303 ER 3 4.50 PW 303 ER 3 3.62 PW 
405 ER 4 3.67 PW 405 ER 4 2.80 PW 
105 ER 1 2.20 SG 105 ER 1 2.23 SG 
202 ER 2 2.16 SG 202 ER 2 1.35 SG 
306 ER 3 2.57 SG 306 ER 3 2.68 SG 
402 ER 4 2.46 SG 402 ER 4 2.71 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.28 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
soybean in 2014 at depositional (DP) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LC TRT Plot Location REP LC TRT 
102 DP 1 5.02 CNT 102 DP 1 4.52 CNT 
206 DP 2 6.24 CNT 206 DP 2 5.04 CNT 
303 DP 3 4.78 CNT 303 DP 3 5.16 CNT 
404 DP 4 6.48 CNT 405 DP 4 4.44 CNT 
106 DP 1 7.96 CS 106 DP 1 4.61 CS 
203 DP 2 6.76 CS 203 DP 2 3.67 CS 
301 DP 3 6.02 CS 301 DP 3 3.85 CS 
405 DP 4 5.88 CS 404 DP 4 4.74 CS 
101 DP 1 4.61 PW 101 DP 1 4.36 PW 
205 DP 2 4.77 PW 205 DP 2 5.81 PW 
304 DP 3 4.67 PW 304 DP 3 4.15 PW 
402 DP 4 5.41 PW 402 DP 4 4.16 PW 
104 DP 1 5.05 SG 104 DP 1 3.98 SG 
202 DP 2 5.72 SG 202 DP 2 5.50 SG 
305 DP 3 6.41 SG 305 DP 3 5.20 SG 
406 DP 4 6.24 SG 406 DP 4 4.95 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.29 Labile carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest of 
soybean in 2014 at eroded (ER) landscape position. 
REP, replication; LC, labile carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP LC TRT Plot Location REP LC TRT 
106 ER 1 3.72 CNT 106 ER 1 3.54 CNT 
205 ER 2 3.44 CNT 205 ER 2 2.81 CNT 
301 ER 3 4.74 CNT 301 ER 3 3.57 CNT 
404 ER 4 4.34 CNT 404 ER 4 2.87 CNT 
103 ER 1 5.28 CS 103 ER 1 3.43 CS 
201 ER 2 4.62 CS 201 ER 2 2.79 CS 
304 ER 3 3.45 CS 304 ER 3 3.30 CS 
403 ER 4 5.20 CS 403 ER 4 4.06 CS 
102 ER 1 4.18 PW 102 ER 1 3.36 PW 
206 ER 2 5.02 PW 206 ER 2 4.30 PW 
303 ER 3 4.38 PW 303 ER 3 3.66 PW 
405 ER 4 5.59 PW 405 ER 4 3.60 PW 
105 ER 1 5.12 SG 105 ER 1 4.13 SG 
202 ER 2 4.65 SG 202 ER 2 3.73 SG 
306 ER 3 7.13 SG 306 ER 3 3.51 SG 
402 ER 4 4.76 SG 402 ER 4 3.22 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.30 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at depositional (DP) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
205 DP 1 1.005 CNT 405 DP 1 1.509 CNT 
102 DP 2 1.675 CNT 301 DP 2 0.944 CNT 
303 DP 3 1.636 CNT 102 DP 3 1.334 CNT 
405 DP 4 1.034 CNT 303 DP 4 1.413 CNT 
206 DP 1 1.663 CS 106 DP 1 1.218 CS 
203 DP 2 1.060 CS 203 DP 2 0.948 CS 
404 DP 3 0.958 CS 404 DP 3 1.001 CS 
106 DP 4 2.323 CS 301 DP 4 0.997 CS 
204 DP 1 1.002 PW 206 DP 1 1.231 PW 
402 DP 2 2.000 PW 402 DP 2 0.760 PW 
304 DP 3 1.002 PW 304 DP 3 1.023 PW 
101 DP 4 1.647 PW 101 DP 4 1.471 PW 
104 DP 1 1.878 SG 406 DP 1 1.471 SG 
202 DP 2 1.912 SG 104 DP 2 1.081 SG 
305 DP 3 1.905 SG 202 DP 3 1.022 SG 
406 DP 4 2.010 SG 305 DP 4 1.039 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.31 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at eroded (ER) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
301 ER 1 1.134 CNT 106 ER 1 1.057 CNT 
106 ER 2 1.287 CNT 205 ER 2 1.206 CNT 
205 ER 3 2.257 CNT 301 ER 3 0.871 CNT 
404 ER 4 1.616 CNT 404 ER 4 1.522 CNT 
304 ER 1 1.640 CS 403 ER 1 1.396 CS 
403 ER 2 1.502 CS 304 ER 2 1.239 CS 
201 ER 3 2.121 CS 201 ER 3 1.578 CS 
103 ER 4 1.430 CS 103 ER 4 1.578 CS 
206 ER 1 1.274 PW 206 ER 1 1.157 PW 
405 ER 2 1.547 PW 102 ER 2 1.207 PW 
303 ER 3 2.461 PW 405 ER 3 1.072 PW 
102 ER 4 1.972 PW 303 ER 4 1.505 PW 
402 ER 1 1.842 SG 402 ER 1 1.055 SG 
105 ER 2 1.638 SG 202 ER 2 1.131 SG 
202 ER 3 1.760 SG 306 ER 3 1.155 SG 
306 ER 4 1.840 SG 105 ER 4 1.878 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.32 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of corn in 2013 at depositional (DP) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
303 DP 1 0.827 CNT 102 DP 1 1.095 CNT 
102 DP 2 1.523 CNT 405 DP 2 1.279 CNT 
405 DP 3 1.031 CNT 303 DP 3 0.881 CNT 
206 DP 4 0.934 CNT 206 DP 4 0.970 CNT 
203 DP 1 1.067 CS 203 DP 1 0.854 CS 
106 DP 2 1.386 CS 106 DP 2 1.607 CS 
301 DP 3 0.897 CS 404 DP 3 1.366 CS 
404 DP 4 1.151 CS 301 DP 4 1.862 CS 
304 DP 1 1.809 PW 205 DP 1 0.899 PW 
402 DP 2 1.195 PW 304 DP 2 0.980 PW 
205 DP 3 1.494 PW 401 DP 3 1.189 PW 
101 DP 4 1.243 PW 101 DP 4 1.110 PW 
104 DP 1 1.054 SG 104 DP 1 1.342 SG 
305 DP 2 0.895 SG 406 DP 2 0.937 SG 
406 DP 3 1.172 SG 305 DP 3 1.044 SG 
202 DP 4 1.581 SG 202 DP 4 1.479 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
 
 
 
130 
  
           
A1.33 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of corn in 2013 at eroded (ER) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
205 ER 1 1.467 CNT 106 ER 1 1.093 CNT 
404 ER 2 1.545 CNT 404 ER 2 0.869 CNT 
301 ER 3 0.933 CNT 301 ER 3 0.851 CNT 
106 ER 4 1.058 CNT 205 ER 4 0.919 CNT 
103 ER 1 1.086 CS 103 ER 1 0.858 CS 
403 ER 2 1.397 CS 304 ER 2 0.788 CS 
304 ER 3 1.564 CS 201 ER 3 0.755 CS 
201 ER 4 1.127 CS 403 ER 4 1.127 CS 
102 ER 1 1.697 PW 206 ER 1 1.133 PW 
303 ER 2 1.924 PW 102 ER 2 1.111 PW 
206 ER 3 1.416 PW 405 ER 3 0.932 PW 
405 ER 4 1.237 PW 303 ER 4 1.598 PW 
202 ER 1 1.346 SG 202 ER 1 0.739 SG 
402 ER 2 0.877 SG 306 ER 2 0.890 SG 
105 ER 3 1.990 SG 402 ER 3 1.182 SG 
306 ER 4 1.756 SG 105 ER 4 1.673 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.34 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
206 DP 1 2.128 CNT 102 DP 1 1.003 CNT 
404 DP 2 0.762 CNT 405 DP 2 0.821 CNT 
303 DP 3 1.213 CNT 303 DP 3 1.156 CNT 
102 DP 4 1.176 CNT 206 DP 4 1.298 CNT 
405 DP 1 1.189 CS 106 DP 1 1.213 CS 
106 DP 2 1.412 CS 301 DP 2 0.988 CS 
301 DP 3 1.297 CS 404 DP 3 0.980 CS 
203 DP 4 1.915 CS 203 DP 4 0.800 CS 
402 DP 1 0.958 PW 402 DP 1 0.874 PW 
205 DP 2 1.413 PW 304 DP 2 0.832 PW 
101 DP 3 0.998 PW 101 DP 3 1.071 PW 
304 DP 4 1.361 PW 205 DP 4 1.114 PW 
104 DP 1 1.209 SG 406 DP 1 1.263 SG 
305 DP 2 0.926 SG 104 DP 2 1.154 SG 
406 DP 3 1.104 SG 305 DP 3 0.997 SG 
202 DP 4 0.925 SG 202 DP 4 0.840 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.35 Recalcitrant nitrogen (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; RN, recalcitrant nitrogen; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RN TRT Plot Location REP RN TRT 
404 ER 1 1.428 CNT 106 ER 1 1.112 CNT 
301 ER 2 1.260 CNT 301 ER 2 0.831 CNT 
205 ER 3 1.126 CNT 404 ER 3 0.910 CNT 
106 ER 4 1.763 CNT 205 ER 4 0.890 CNT 
201 ER 1 1.510 CS 403 ER 1 1.003 CS 
304 ER 2 1.454 CS 201 ER 2 0.890 CS 
403 ER 3 1.095 CS 103 ER 3 0.807 CS 
103 ER 4 1.707 CS 304 ER 4 0.845 CS 
206 ER 1 1.448 PW 206 ER 1 1.102 PW 
102 ER 2 1.461 PW 405 ER 2 1.036 PW 
405 ER 3 1.695 PW 102 ER 3 0.791 PW 
303 ER 4 1.716 PW 303 ER 4 0.980 PW 
306 ER 1 1.591 SG 105 ER 1 0.932 SG 
105 ER 2 1.865 SG 306 ER 2 0.986 SG 
402 ER 3 1.528 SG 202 ER 3 1.002 SG 
202 ER 4 1.162 SG 402 ER 4 0.910 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.36 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at depositional (DP) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
205 DP 1 15.30 CNT 405 DP 1 16.22 CNT 
102 DP 2 16.76 CNT 301 DP 2 13.20 CNT 
303 DP 3 14.83 CNT 102 DP 3 14.11 CNT 
405 DP 4 15.37 CNT 303 DP 4 14.60 CNT 
206 DP 1 17.88 CS 106 DP 1 16.67 CS 
203 DP 2 14.67 CS 203 DP 2 14.39 CS 
404 DP 3 14.23 CS 404 DP 3 13.87 CS 
106 DP 4 19.84 CS 301 DP 4 12.49 CS 
204 DP 1 14.27 PW 206 DP 1 18.08 PW 
402 DP 2 16.02 PW 402 DP 2 11.59 PW 
304 DP 3 14.29 PW 304 DP 3 13.00 PW 
101 DP 4 15.73 PW 101 DP 4 16.50 PW 
104 DP 1 18.30 SG 406 DP 1 16.50 SG 
202 DP 2 15.12 SG 104 DP 2 15.37 SG 
305 DP 3 16.13 SG 202 DP 3 13.76 SG 
406 DP 4 17.53 SG 305 DP 4 12.65 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.37 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of corn in 2013 at eroded (ER) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
301 ER 1 14.89 CNT 106 ER 1 12.40 CNT 
106 ER 2 10.45 CNT 205 ER 2 13.75 CNT 
205 ER 3 19.37 CNT 301 ER 3 11.78 CNT 
404 ER 4 16.83 CNT 404 ER 4 16.44 CNT 
304 ER 1 15.05 CS 403 ER 1 16.18 CS 
403 ER 2 15.48 CS 304 ER 2 15.11 CS 
201 ER 3 19.12 CS 201 ER 3 16.05 CS 
103 ER 4 17.82 CS 103 ER 4 16.25 CS 
206 ER 1 14.93 PW 206 ER 1 13.39 PW 
405 ER 2 14.89 PW 102 ER 2 14.44 PW 
303 ER 3 22.32 PW 405 ER 3 11.98 PW 
102 ER 4 17.04 PW 303 ER 4 14.65 PW 
402 ER 1 16.46 SG 402 ER 1 15.62 SG 
105 ER 2 17.93 SG 202 ER 2 13.66 SG 
202 ER 3 18.26 SG 306 ER 3 14.48 SG 
306 ER 4 16.15 SG 105 ER 4 17.37 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.38 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest 
of corn in 2013 at depositional (DP) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
303 DP 1 11.93 CNT 102 DP 1 14.90 CNT 
102 DP 2 15.63 CNT 405 DP 2 11.62 CNT 
405 DP 3 14.92 CNT 303 DP 3 12.92 CNT 
206 DP 4 13.80 CNT 206 DP 4 12.15 CNT 
203 DP 1 14.06 CS 203 DP 1 13.43 CS 
106 DP 2 18.46 CS 106 DP 2 15.49 CS 
301 DP 3 12.38 CS 404 DP 3 15.80 CS 
404 DP 4 16.52 CS 301 DP 4 14.98 CS 
304 DP 1 17.77 PW 205 DP 1 11.96 PW 
402 DP 2 12.58 PW 304 DP 2 11.58 PW 
205 DP 3 19.54 PW 401 DP 3 13.51 PW 
101 DP 4 15.44 PW 101 DP 4 14.46 PW 
104 DP 1 12.13 SG 104 DP 1 12.43 SG 
305 DP 2 13.05 SG 406 DP 2 12.09 SG 
406 DP 3 15.54 SG 305 DP 3 14.32 SG 
202 DP 4 16.37 SG 202 DP 4 15.03 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.39 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest 
of corn in 2013 at eroded (ER) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
205 ER 1 16.12 CNT 106 ER 1 12.25 CNT 
404 ER 2 14.37 CNT 404 ER 2 10.00 CNT 
301 ER 3 13.80 CNT 301 ER 3 13.84 CNT 
106 ER 4 10.44 CNT 205 ER 4 9.713 CNT 
103 ER 1 14.59 CS 103 ER 1 10.43 CS 
403 ER 2 12.14 CS 304 ER 2 8.207 CS 
304 ER 3 14.89 CS 201 ER 3 9.440 CS 
201 ER 4 12.23 CS 403 ER 4 13.01 CS 
102 ER 1 16.75 PW 206 ER 1 12.58 PW 
303 ER 2 16.18 PW 102 ER 2 12.09 PW 
206 ER 3 14.61 PW 405 ER 3 9.733 PW 
405 ER 4 12.15 PW 303 ER 4 12.61 PW 
202 ER 1 13.79 SG 202 ER 1 10.28 SG 
402 ER 2 9.413 SG 306 ER 2 9.897 SG 
105 ER 3 15.99 SG 402 ER 3 11.10 SG 
306 ER 4 16.90 SG 105 ER 4 16.70 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.40 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest 
of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
206 DP 1 20.01 CNT 102 DP 1 13.22 CNT 
404 DP 2 13.35 CNT 405 DP 2 11.70 CNT 
303 DP 3 17.51 CNT 303 DP 3 11.37 CNT 
102 DP 4 16.54 CNT 206 DP 4 18.67 CNT 
405 DP 1 11.01 CS 106 DP 1 14.26 CS 
106 DP 2 19.32 CS 301 DP 2 11.14 CS 
301 DP 3 12.63 CS 404 DP 3 11.28 CS 
203 DP 4 24.35 CS 203 DP 4 11.24 CS 
402 DP 1 13.90 PW 402 DP 1 12.69 PW 
205 DP 2 12.57 PW 304 DP 2 11.73 PW 
101 DP 3 12.67 PW 101 DP 3 14.47 PW 
304 DP 4 12.87 PW 205 DP 4 14.01 PW 
104 DP 1 13.92 SG 406 DP 1 15.63 SG 
305 DP 2 12.82 SG 104 DP 2 11.34 SG 
406 DP 3 15.12 SG 305 DP 3 13.12 SG 
202 DP 4 13.09 SG 202 DP 4 11.77 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.41 Recalcitrant carbon (g kg-1) of soil for 0-7.5 and 7.5-15 cm depths after the harvest 
of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; RC, recalcitrant carbon; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP RC TRT Plot Location REP RC TRT 
404 ER 1 14.00 CNT 106 ER 1 11.49 CNT 
301 ER 2 15.43 CNT 301 ER 2 9.537 CNT 
205 ER 3 11.98 CNT 404 ER 3 10.66 CNT 
106 ER 4 13.80 CNT 205 ER 4 9.383 CNT 
201 ER 1 13.15 CS 403 ER 1 11.79 CS 
304 ER 2 13.70 CS 201 ER 2 9.830 CS 
403 ER 3 13.04 CS 103 ER 3 8.847 CS 
103 ER 4 17.10 CS 304 ER 4 9.393 CS 
206 ER 1 17.37 PW 206 ER 1 10.69 PW 
102 ER 2 13.04 PW 405 ER 2 9.913 PW 
405 ER 3 14.90 PW 102 ER 3 9.613 PW 
303 ER 4 16.40 PW 303 ER 4 9.903 PW 
306 ER 1 18.49 SG 105 ER 1 10.26 SG 
105 ER 2 16.18 SG 306 ER 2 9.427 SG 
402 ER 3 15.84 SG 202 ER 3 10.16 SG 
202 ER 4 12.88 SG 402 ER 4 9.120 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.42 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at depositional (DP) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 DP 1 80.3 CNT 106 DP 1 82.6 CNT 
205 DP 2 76.3 CNT 205 DP 2 80.9 CNT 
301 DP 3 83.2 CNT 301 DP 3 85.3 CNT 
404 DP 4 83.1 CNT 404 DP 4 80.8 CNT 
103 DP 1 85.0 CS 103 DP 1 82.6 CS 
201 DP 2 84.8 CS 201 DP 2 83.7 CS 
304 DP 3 79.9 CS 304 DP 3 83.6 CS 
403 DP 4 81.4 CS 403 DP 4 84.5 CS 
102 DP 1 80.6 PW 102 DP 1 82.4 PW 
206 DP 2 77.4 PW 206 DP 2 81.7 PW 
303 DP 3 78.0 PW 303 DP 3 84.1 PW 
405 DP 4 82.7 PW 405 DP 4 84.0 PW 
105 DP 1 80.9 SG 105 DP 1 80.8 SG 
202 DP 2 81.4 SG 202 DP 2 80.1 SG 
306 DP 3 81.9 SG 306 DP 3 81.7 SG 
402 DP 4 79.2 SG 402 DP 4 81.9 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.43 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the planting of 
corn in 2013 at eroded (ER) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 DP 1 80.3 CNT 106 DP 1 82.6 CNT 
205 DP 2 76.3 CNT 205 DP 2 80.9 CNT 
301 DP 3 83.2 CNT 301 DP 3 85.3 CNT 
404 DP 4 83.1 CNT 404 DP 4 80.8 CNT 
103 DP 1 85.0 CS 103 DP 1 82.6 CS 
201 DP 2 84.8 CS 201 DP 2 83.7 CS 
304 DP 3 79.9 CS 304 DP 3 83.6 CS 
403 DP 4 81.4 CS 403 DP 4 84.5 CS 
102 DP 1 80.6 PW 102 DP 1 82.4 PW 
206 DP 2 77.4 PW 206 DP 2 81.7 PW 
303 DP 3 78.0 PW 303 DP 3 84.1 PW 
405 DP 4 82.7 PW 405 DP 4 84.0 PW 
105 DP 1 80.9 SG 105 DP 1 80.8 SG 
202 DP 2 81.4 SG 202 DP 2 80.1 SG 
306 DP 3 81.9 SG 306 DP 3 81.7 SG 
402 DP 4 79.2 SG 402 DP 4 81.9 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.44 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of corn in 2013 at depositional (DP) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 DP 1 82.2 CNT 106 DP 1 75.0 CNT 
205 DP 2 81.4 CNT 205 DP 2 74.9 CNT 
301 DP 3 73.6 CNT 301 DP 3 72.0 CNT 
404 DP 4 83.5 CNT 404 DP 4 85.6 CNT 
103 DP 1 64.0 CS 103 DP 1 82.8 CS 
201 DP 2 64.1 CS 201 DP 2 73.4 CS 
304 DP 3 74.5 CS 304 DP 3 73.3 CS 
403 DP 4 71.8 CS 403 DP 4 78.8 CS 
102 DP 1 77.3 PW 102 DP 1 78.0 PW 
206 DP 2 81.1 PW 206 DP 2 82.0 PW 
303 DP 3 75.4 PW 303 DP 3 69.8 PW 
405 DP 4 80.1 PW 405 DP 4 71.2 PW 
105 DP 1 69.6 SG 105 DP 1 76.8 SG 
202 DP 2 73.9 SG 202 DP 2 78.4 SG 
306 DP 3 80.0 SG 306 DP 3 75.7 SG 
402 DP 4 80.0 SG 402 DP 4 74.3 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.45 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of corn in 2013 at eroded (ER) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 ER 1 52.4 CNT 106 ER 1 50.0 CNT 
205 ER 2 54.7 CNT 205 ER 2 63.9 CNT 
301 ER 3 52.3 CNT 301 ER 3 61.0 CNT 
404 ER 4 57.0 CNT 404 ER 4 54.3 CNT 
103 ER 1 50.3 CS 103 ER 1 54.2 CS 
201 ER 2 53.5 CS 201 ER 2 53.4 CS 
304 ER 3 52.9 CS 304 ER 3 54.2 CS 
403 ER 4 53.4 CS 403 ER 4 50.3 CS 
102 ER 1 49.7 PW 102 ER 1 55.6 PW 
206 ER 2 66.0 PW 206 ER 2 49.3 PW 
303 ER 3 67.4 PW 303 ER 3 51.1 PW 
405 ER 4 58.3 PW 405 ER 4 51.4 PW 
105 ER 1 51.0 SG 105 ER 1 60.6 SG 
202 ER 2 46.3 SG 202 ER 2 55.7 SG 
306 ER 3 53.4 SG 306 ER 3 64.2 SG 
402 ER 4 57.0 SG 402 ER 4 52.6 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.46 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 DP 1 80.6 CNT 106 DP 1 79.2 CNT 
205 DP 2 80.4 CNT 205 DP 2 85.2 CNT 
301 DP 3 84.8 CNT 301 DP 3 83.4 CNT 
404 DP 4 83.9 CNT 404 DP 4 82.5 CNT 
103 DP 1 83.1 CS 103 DP 1 83.9 CS 
201 DP 2 81.5 CS 201 DP 2 80.1 CS 
304 DP 3 83.3 CS 304 DP 3 84.8 CS 
403 DP 4 82.5 CS 403 DP 4 81.9 CS 
102 DP 1 83.7 PW 102 DP 1 83.3 PW 
206 DP 2 81.6 PW 206 DP 2 57.0 PW 
303 DP 3 82.7 PW 303 DP 3 84.7 PW 
405 DP 4 84.4 PW 405 DP 4 85.2 PW 
105 DP 1 79.3 SG 105 DP 1 83.1 SG 
202 DP 2 81.3 SG 202 DP 2 81.9 SG 
306 DP 3 85.1 SG 306 DP 3 82.3 SG 
402 DP 4 80.6 SG 402 DP 4 83.7 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A1.47 Aggregate stability (%) of soil for 0-7.5 and 7.5-15 cm depths after the harvesting 
of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; WSA, water stable aggregates; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP WSA TRT Plot Location REP WSA TRT 
106 ER 1 55.3 CNT 106 ER 1 56.3 CNT 
205 ER 2 53.7 CNT 205 ER 2 56.2 CNT 
301 ER 3 54.5 CNT 301 ER 3 54.0 CNT 
404 ER 4 63.4 CNT 404 ER 4 53.3 CNT 
103 ER 1 60.0 CS 103 ER 1 53.8 CS 
201 ER 2 54.8 CS 201 ER 2 66.0 CS 
304 ER 3 50.1 CS 304 ER 3 51.2 CS 
403 ER 4 51.4 CS 403 ER 4 51.7 CS 
102 ER 1 56.3 PW 102 ER 1 62.5 PW 
206 ER 2 50.4 PW 206 ER 2 56.9 PW 
303 ER 3 59.5 PW 303 ER 3 53.2 PW 
405 ER 4 55.0 PW 405 ER 4 56.7 PW 
105 ER 1 56.3 SG 105 ER 1 61.2 SG 
202 ER 2 59.8 SG 202 ER 2 55.4 SG 
306 ER 3 58.3 SG 306 ER 3 58.6 SG 
402 ER 4 57.8 SG 402 ER 4 58.0 SG 
CNT, control; CS, corn stover biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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APPENDIX 2 
A2. 1 Infiltration rate (mm hr-1) of soil after the harvest of soybean in 2014, after the 
planting of soybean in 2015, and after the harvest of soybean in 2015 at depositional (DP) 
landscape position. 
REP, replication; IR; infiltration rate; TRT, treatment 
 
   
After harvest 
soybean 2014 
After planting 
soybean 2015 
After harvest 
soybean 2015  
Plot Treatment REP TRT IR IR IR 
102 DP 1 CNT 40.50 42.05 28.08 
206 DP 2 CNT 29.60 46.27 261.7 
303 DP 3 CNT 35.07 59.23 187.7 
405 DP 4 CNT 36.54 42.56 27.96 
106 DP 1 CS 198.6 94.87 194.3 
203 DP 2 CS 187.5 68.49 83.28 
301 DP 3 CS 206.9 60.65 138.3 
404 DP 4 CS 159.4 94.41 76.32 
105 DP 1 MN 160.1 81.87 111.0 
201 DP 2 MN 241.8 75.89 38.52 
302 DP 3 MN 161.9 67.87 208.4 
403 DP 4 MN 180.5 82.54 106.3 
103 DP 1 MNP 326.4 88.12 80.16 
204 DP 2 MNP 54.50 83.30 55.50 
306 DP 3 MNP 42.50 87.79 150.1 
401 DP 4 MNP 215.9 137.8 189.1 
101 DP 1 PW 82.68 52.33 164.5 
205 DP 2 PW 31.51 68.15 60.12 
304 DP 3 PW 10.49 83.30 94.86 
402 DP 4 PW 101.5 101.8 145.9 
104 DP 1 SG 125.6 73.72 127.0 
202 DP 2 SG 130.1 69.72 67.86 
305 DP 3 SG 133.2 69.82 40.68 
406 DP 4 SG 124.6 74.84 246.8 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 2 Infiltration rate (mm hr-1) of soil after the harvest of soybean in 2014, after the 
planting of soybean in 2015, and after the harvest of soybean in 2015 at eroded (ER) 
landscape position. 
REP, replication; IR, infiltration rate; TRT, treatment 
 
   
After harvest 
soybean 2014 
After planting 
soybean 2015 
After harvest 
soybean 2015  
Plot Location REP TRT IR IR IR 
106 ER 1 CNT 38.34 76.70 125.4 
205 ER 2 CNT 46.03 61.50 106.1 
301 ER 3 CNT 34.43 64.10 55.50 
404 ER 4 CNT 37.63 75.60 74.04 
103 ER 1 CS 41.16 114.8 143.2 
201 ER 2 CS 25.07 105.8 159.9 
304 ER 3 CS 61.70 72.50 145.9 
403 ER 4 CS 62.07 153.2 125.4 
104 ER 1 MN 34.96 44.70 90.66 
203 ER 2 MN 40.10 155.8 65.40 
302 ER 3 MN 109.0 92.60 55.50 
406 ER 4 MN 137.8 98.00 98.50 
101 ER 1 MNP 107.6 59.30 187.8 
204 ER 2 MNP 98.31 60.40 174.0 
305 ER 3 MNP 87.41 93.40 160.3 
401 ER 4 MNP 83.43 53.70 151.3 
102 ER 1 PW 51.16 61.40 72.24 
206 ER 2 PW 91.01 32.70 178.9 
303 ER 3 PW 60.43 42.00 119.2 
405 ER 4 PW 69.93 59.50 148.0 
105 ER 1 SG 45.13 84.70 137.7 
202 ER 2 SG 17.89 102.9 134.6 
306 ER 3 SG 41.35 92.60 148.0 
402 ER 4 SG 29.02 125.5 171.4 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 3 In-situ moisture retention (m3 m-3) after 24 hours after the harvest of soybean in 
2014, after the planting of soybean in 2015, and after the harvest of soybean in 2015 at 
depositional (DP) landscape position. 
REP, replication; FC, field capacity; TRT, treatment 
 
   
After harvest 
soybean 2014 
After planting 
soybean 2015 
After harvest 
soybean 2015  
Plot Location REP TRT FC FC FC 
102 DP 1 CNT 0.232 0.246 0.262 
206 DP 2 CNT 0.255 0.286 0.289 
303 DP 3 CNT 0.240 0.268 0.247 
405 DP 4 CNT 0.266 0.241 0.286 
106 DP 1 CS 0.267 0.287 0.319 
203 DP 2 CS 0.263 0.290 0.224 
301 DP 3 CS 0.271 0.282 0.303 
404 DP 4 CS 0.269 0.269 0.279 
105 DP 1 MN 0.289 0.317 0.269 
201 DP 2 MN 0.269 0.284 0.352 
302 DP 3 MN 0.269 0.267 0.288 
403 DP 4 MN 0.270 0.303 0.257 
103 DP 1 MNP 0.297 0.320 0.272 
204 DP 2 MNP 0.299 0.323 0.343 
306 DP 3 MNP 0.318 0.303 0.277 
401 DP 4 MNP 0.313 0.288 0.291 
101 DP 1 PW 0.272 0.267 0.255 
205 DP 2 PW 0.293 0.289 0.259 
304 DP 3 PW 0.271 0.292 0.279 
402 DP 4 PW 0.320 0.264 0.255 
104 DP 1 SG 0.280 0.263 0.319 
202 DP 2 SG 0.292 0.278 0.270 
305 DP 3 SG 0.271 0.279 0.279 
406 DP 4 SG 0.262 0.276 0.284 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 4 In-situ moisture retention (m3 m-3) after 24 hours after the harvest of soybean in 
2014, after the planting of soybean in 2015, and after the harvest of soybean in 2015 at 
eroded (ER) landscape position. 
REP, replication; FC, field capacity; TRT, treatment 
 
   
After harvest 
soybean 2014 
After planting 
soybean 2015 
After harvest 
soybean 2015  
Plot Location REP TRT FC FC FC 
106 ER 1 CNT 0.160 0.147 0.141 
205 ER 2 CNT 0.160 0.158 0.156 
301 ER 3 CNT 0.129 0.132 0.133 
404 ER 4 CNT 0.133 0.165 0.132 
103 ER 1 CS 0.157 0.159 0.152 
201 ER 2 CS 0.153 0.150 0.165 
304 ER 3 CS 0.169 0.144 0.143 
403 ER 4 CS 0.166 0.160 0.159 
104 ER 1 MN 0.149 0.157 0.151 
203 ER 2 MN 0.146 0.183 0.155 
302 ER 3 MN 0.175 0.157 0.156 
406 ER 4 MN 0.169 0.181 0.149 
101 ER 1 MNP 0.171 0.169 0.186 
204 ER 2 MNP 0.187 0.198 0.177 
305 ER 3 MNP 0.175 0.177 0.180 
401 ER 4 MNP 0.168 0.179 0.155 
102 ER 1 PW 0.163 0.151 0.175 
206 ER 2 PW 0.165 0.160 0.191 
303 ER 3 PW 0.161 0.182 0.164 
405 ER 4 PW 0.179 0.151 0.156 
105 ER 1 SG 0.164 0.148 0.153 
202 ER 2 SG 0.154 0.163 0.153 
306 ER 3 SG 0.177 0.167 0.162 
402 ER 4 SG 0.158 0.143 0.161 
CNT, control; CS, corn stover biochar; MN, manure; MN, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 5 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
102 DP 1 2.58 CNT 102 DP 1 2.95 CNT 
206 DP 2 2.47 CNT 206 DP 2 2.17 CNT 
303 DP 3 2.49 CNT 303 DP 3 2.12 CNT 
405 DP 4 2.43 CNT 405 DP 4 2.62 CNT 
106 DP 1 2.45 CS 203 DP 1 2.60 CS 
203 DP 2 2.42 CS 106 DP 2 2.37 CS 
301 DP 3 2.53 CS 301 DP 3 2.50 CS 
404 DP 4 2.40 CS 404 DP 4 2.30 CS 
105 DP 1 1.98 MN 105 DP 1 2.67 MN 
201 DP 2 2.22 MN 201 DP 2 2.55 MN 
302 DP 3 2.27 MN 302 DP 3 2.38 MN 
403 DP 4 2.42 MN 403 DP 4 2.50 MN 
103 DP 1 2.13 MNP 103 DP 1 2.83 MNP 
204 DP 2 2.50 MNP 204 DP 2 2.68 MNP 
306 DP 3 1.80 MNP 306 DP 3 2.20 MNP 
401 DP 4 2.07 MNP 401 DP 4 2.58 MNP 
101 DP 1 2.23 PW 101 DP 1 2.30 PW 
205 DP 2 2.50 PW 205 DP 2 2.43 PW 
304 DP 3 2.65 PW 304 DP 3 2.38 PW 
402 DP 4 1.98 PW 402 DP 4 1.92 PW 
104 DP 1 2.53 SG 104 DP 1 2.70 SG 
202 DP 2 2.82 SG 202 DP 2 2.90 SG 
305 DP 3 2.80 SG 305 DP 3 2.72 SG 
406 DP 4 2.72 SG 406 DP 4 2.38 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 6 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
106 ER 1 2.35 CNT 106 ER 1 2.67 CNT 
205 ER 2 2.47 CNT 205 ER 2 2.72 CNT 
301 ER 3 2.33 CNT 301 ER 3 2.89 CNT 
404 ER 4 2.17 CNT 404 ER 4 3.14 CNT 
103 ER 1 2.57 CS 103 ER 1 3.06 CS 
201 ER 2 2.60 CS 201 ER 2 3.03 CS 
304 ER 3 2.46 CS 304 ER 3 2.99 CS 
403 ER 4 2.20 CS 403 ER 4 2.66 CS 
104 ER 1 1.66 MN 104 ER 1 2.85 MN 
203 ER 2 1.70 MN 203 ER 2 2.51 MN 
302 ER 3 1.58 MN 302 ER 3 2.42 MN 
406 ER 4 1.70 MN 406 ER 4 2.82 MN 
101 ER 1 2.20 MNP 101 ER 1 2.91 MNP 
204 ER 2 1.83 MNP 204 ER 2 3.05 MNP 
305 ER 3 1.96 MNP 305 ER 3 2.47 MNP 
401 ER 4 1.83 MNP 401 ER 4 2.86 MNP 
102 ER 1 2.40 PW 102 ER 1 2.75 PW 
206 ER 2 2.48 PW 206 ER 2 3.06 PW 
303 ER 3 2.23 PW 303 ER 3 2.63 PW 
405 ER 4 2.03 PW 405 ER 4 2.71 PW 
105 ER 1 2.18 SG 105 ER 1 2.44 SG 
202 ER 2 1.95 SG 202 ER 2 2.53 SG 
306 ER 3 1.97 SG 306 ER 3 2.85 SG 
402 ER 4 1.75 SG 402 ER 4 2.38 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 7 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
102 DP 1 1.60 CNT 101 DP 1 1.43 CNT 
206 DP 2 1.47 CNT 206 DP 2 1.37 CNT 
303 DP 3 1.54 CNT 303 DP 3 1.30 CNT 
405 DP 4 1.57 CNT 405 DP 4 1.57 CNT 
106 DP 1 1.73 CS 105 DP 1 1.63 CS 
203 DP 2 1.40 CS 202 DP 2 1.60 CS 
301 DP 3 1.53 CS 301 DP 3 1.67 CS 
404 DP 4 1.37 CS 404 DP 4 1.40 CS 
105 DP 1 1.33 MN 104 DP 1 1.57 MN 
201 DP 2 1.36 MN 106 DP 2 1.33 MN 
302 DP 3 1.37 MN 302 DP 3 1.53 MN 
403 DP 4 1.37 MN 403 DP 4 1.30 MN 
103 DP 1 1.37 MNP 102 DP 1 1.60 MNP 
204 DP 2 1.27 MNP 204 DP 2 1.50 MNP 
306 DP 3 1.33 MNP 306 DP 3 1.60 MNP 
401 DP 4 1.32 MNP 401 DP 4 1.40 MNP 
101 DP 1 1.60 PW 203 DP 1 1.30 PW 
205 DP 2 1.63 PW 205 DP 2 1.80 PW 
304 DP 3 1.50 PW 304 DP 3 1.53 PW 
402 DP 4 1.37 PW 402 DP 4 1.33 PW 
104 DP 1 1.60 SG 103 DP 1 1.60 SG 
202 DP 2 1.43 SG 201 DP 2 1.87 SG 
305 DP 3 1.53 SG 305 DP 3 1.67 SG 
406 DP 4 1.40 SG 406 DP 4 1.50 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 8 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depths after the 
planting of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
106 ER 1 2.30 CNT 106 ER 1 2.53 CNT 
205 ER 2 2.00 CNT 205 ER 2 2.40 CNT 
301 ER 3 2.06 CNT 301 ER 3 3.10 CNT 
404 ER 4 1.87 CNT 404 ER 4 2.20 CNT 
103 ER 1 2.10 CS 103 ER 1 2.57 CS 
201 ER 2 1.89 CS 201 ER 2 2.80 CS 
304 ER 3 1.73 CS 304 ER 3 2.07 CS 
403 ER 4 1.83 CS 403 ER 4 2.30 CS 
104 ER 1 2.00 MN 104 ER 1 2.40 MN 
203 ER 2 2.47 MN 203 ER 2 2.53 MN 
302 ER 3 2.33 MN 302 ER 3 2.77 MN 
406 ER 4 1.60 MN 406 ER 4 2.03 MN 
101 ER 1 2.07 MNP 101 ER 1 2.73 MNP 
204 ER 2 2.17 MNP 204 ER 2 2.87 MNP 
305 ER 3 1.57 MNP 305 ER 3 1.83 MNP 
401 ER 4 1.63 MNP 401 ER 4 1.90 MNP 
102 ER 1 1.53 PW 102 ER 1 1.97 PW 
206 ER 2 2.10 PW 206 ER 2 2.73 PW 
303 ER 3 1.87 PW 303 ER 3 2.13 PW 
405 ER 4 1.87 PW 405 ER 4 2.00 PW 
105 ER 1 2.27 SG 105 ER 1 2.40 SG 
202 ER 2 1.90 SG 202 ER 2 2.33 SG 
306 ER 3 1.57 SG 306 ER 3 1.93 SG 
402 ER 4 1.87 SG 402 ER 4 1.90 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 9 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depths after the 
harvest of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
102 DP 1 2.57 CNT 102 DP 1 2.07 CNT 
206 DP 2 2.43 CNT 206 DP 2 1.80 CNT 
303 DP 3 2.67 CNT 303 DP 3 1.87 CNT 
405 DP 4 2.33 CNT 405 DP 4 1.93 CNT 
106 DP 1 2.53 CS 106 DP 1 2.03 CS 
203 DP 2 2.57 CS 203 DP 2 1.77 CS 
301 DP 3 2.07 CS 301 DP 3 1.83 CS 
404 DP 4 2.53 CS 404 DP 4 1.77 CS 
105 DP 1 2.53 MN 105 DP 1 2.27 MN 
201 DP 2 1.90 MN 201 DP 2 1.70 MN 
302 DP 3 2.47 MN 302 DP 3 1.63 MN 
403 DP 4 1.73 MN 403 DP 4 1.50 MN 
103 DP 1 2.40 MNP 103 DP 1 1.77 MNP 
204 DP 2 2.33 MNP 204 DP 2 1.97 MNP 
306 DP 3 1.97 MNP 306 DP 3 1.80 MNP 
401 DP 4 1.57 MNP 401 DP 4 1.57 MNP 
101 DP 1 2.03 PW 101 DP 1 1.83 PW 
205 DP 2 2.20 PW 205 DP 2 1.87 PW 
304 DP 3 2.17 PW 304 DP 3 1.87 PW 
402 DP 4 2.03 PW 402 DP 4 1.57 PW 
104 DP 1 2.77 SG 104 DP 1 2.43 SG 
202 DP 2 2.30 SG 202 DP 2 1.57 SG 
305 DP 3 2.53 SG 305 DP 3 2.57 SG 
406 DP 4 2.10 SG 406 DP 4 1.53 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 10 Soil penetration resistance (MPa) of soil for 0-7.5 and 7.5-15 cm depth after the 
harvest of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; SPR, soil penetration resistance; TRT, treatment 
 
0-7.5 cm 7.5-15 cm 
Plot Location REP SPR TRT Plot Location REP SPR TRT 
106 ER 1 2.63 CNT 106 ER 1 2.90 CNT 
205 ER 2 2.54 CNT 205 ER 2 2.57 CNT 
301 ER 3 2.27 CNT 301 ER 3 2.80 CNT 
404 ER 4 2.73 CNT 404 ER 4 3.10 CNT 
103 ER 1 2.13 CS 103 ER 1 2.53 CS 
201 ER 2 2.19 CS 201 ER 2 2.70 CS 
304 ER 3 2.20 CS 304 ER 3 2.70 CS 
403 ER 4 2.23 CS 403 ER 4 2.40 CS 
104 ER 1 2.13 MN 104 ER 1 2.57 MN 
203 ER 2 2.27 MN 203 ER 2 2.57 MN 
302 ER 3 2.14 MN 302 ER 3 2.97 MN 
406 ER 4 2.03 MN 406 ER 4 2.33 MN 
101 ER 1 2.40 MNP 101 ER 1 2.80 MNP 
204 ER 2 2.60 MNP 204 ER 2 2.83 MNP 
305 ER 3 2.53 MNP 305 ER 3 2.47 MNP 
401 ER 4 2.60 MNP 401 ER 4 3.00 MNP 
102 ER 1 2.40 PW 102 ER 1 2.90 PW 
206 ER 2 2.40 PW 206 ER 2 2.23 PW 
303 ER 3 2.13 PW 303 ER 3 2.53 PW 
405 ER 4 2.03 PW 405 ER 4 2.30 PW 
105 ER 1 2.69 SG 105 ER 1 2.50 SG 
202 ER 2 2.87 SG 202 ER 2 3.03 SG 
306 ER 3 2.80 SG 306 ER 3 2.90 SG 
402 ER 4 2.40 SG 402 ER 4 2.37 SG 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar.
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A.2 11 Soil water retention (SWR, m3 m-3) of soil for 0-7.5cm depth after the harvest of soybean in 2014 at depositional (DP) 
landscape position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.430 0.428 0.426 0.422 0.414 0.374 0.331 
206 DP CNT 0.440 0.421 0.412 0.400 0.387 0.362 0.347 
303 DP CNT 0.453 0.432 0.417 0.398 0.375 0.356 0.315 
405 DP CNT 0.452 0.450 0.448 0.442 0.433 0.396 0.332 
106 DP CS 0.449 0.440 0.433 0.424 0.416 0.407 0.388 
203 DP CS 0.448 0.446 0.439 0.431 0.417 0.411 0.395 
301 DP CS 0.477 0.474 0.469 0.459 0.445 0.415 0.386 
404 DP CS 0.462 0.451 0.439 0.423 0.411 0.394 0.360 
105 DP MN 0.510 0.493 0.479 0.437 0.446 0.406 0.353 
201 DP MN 0.517 0.477 0.458 0.439 0.425 0.407 0.373 
302 DP MN 0.508 0.496 0.471 0.447 0.429 0.396 0.374 
403 DP MN 0.493 0.478 0.466 0.450 0.439 0.410 0.366 
103 DP MNP 0.496 0.483 0.472 0.460 0.448 0.443 0.421 
204 DP MNP 0.521 0.501 0.491 0.478 0.466 0.405 0.356 
306 DP MNP 0.479 0.468 0.460 0.451 0.432 0.418 0.406 
401 DP MNP 0.482 0.478 0.470 0.459 0.450 0.403 0.350 
101 DP PW 0.469 0.460 0.458 0.444 0.437 0.424 0.394 
205 DP PW 0.465 0.461 0.456 0.449 0.440 0.438 0.407 
304 DP PW 0.495 0.491 0.483 0.470 0.446 0.439 0.419 
402 DP PW 0.541 0.518 0.507 0.463 0.443 0.393 0.380 
104 DP SG 0.483 0.478 0.475 0.472 0.466 0.458 0.430 
202 DP SG 0.527 0.520 0.512 0.501 0.487 0.419 0.372 
305 DP SG 0.544 0.511 0.497 0.480 0.467 0.393 0.352 
406 DP SG 0.473 0.473 0.469 0.465 0.454 0.435 0.413 
   CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 12 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the harvest of soybean in 2014 at depositional (DP) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.482 0.473 0.464 0.457 0.439 0.429 0.406 
206 DP CNT 0.494 0.486 0.479 0.458 0.422 0.340 0.235 
303 DP CNT 0.492 0.465 0.444 0.422 0.396 0.377 0.343 
405 DP CNT 0.461 0.455 0.446 0.437 0.428 0.416 0.403 
106 DP CS 0.463 0.460 0.458 0.449 0.427 0.408 0.398 
203 DP CS 0.516 0.499 0.488 0.473 0.465 0.415 0.374 
301 DP CS 0.536 0.509 0.495 0.479 0.468 0.449 0.422 
404 DP CS 0.508 0.503 0.503 0.498 0.488 0.465 0.454 
105 DP MN 0.462 0.448 0.443 0.437 0.428 0.420 0.404 
201 DP MN 0.500 0.486 0.473 0.461 0.451 0.424 0.386 
302 DP MN 0.458 0.442 0.415 0.414 0.405 0.372 0.343 
403 DP MN 0.444 0.441 0.438 0.435 0.429 0.422 0.410 
103 DP MNP 0.453 0.453 0.450 0.447 0.434 0.431 0.401 
204 DP MNP 0.572 0.547 0.530 0.496 0.467 0.411 0.371 
306 DP MNP 0.525 0.508 0.496 0.478 0.457 0.415 0.377 
401 DP MNP 0.446 0.445 0.444 0.441 0.433 0.416 0.408 
101 DP PW 0.466 0.452 0.447 0.440 0.433 0.429 0.411 
205 DP PW 0.448 0.443 0.442 0.438 0.430 0.423 0.386 
304 DP PW 0.528 0.512 0.503 0.490 0.477 0.416 0.339 
402 DP PW 0.444 0.433 0.424 0.411 0.402 0.387 0.349 
104 DP SG 0.437 0.436 0.431 0.428 0.419 0.411 0.387 
202 DP SG 0.446 0.436 0.433 0.429 0.420 0.388 0.322 
305 DP SG 0.573 0.550 0.534 0.516 0.497 0.473 0.421 
406 DP SG 0.517 0.497 0.486 0.471 0.456 0.376 0.316 
   CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 13 Soil water retention (SWR, m3 m-3) of soil for 0-7.5cm depth after the harvest of soybean in 2014 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106 ER CNT 0.381 0.372 0.366 0.357 0.296 0.272 0.246 
205 ER CNT 0.397 0.384 0.373 0.339 0.279 0.229 0.178 
301 ER CNT 0.381 0.370 0.368 0.359 0.341 0.271 0.185 
404 ER CNT 0.411 0.401 0.400 0.393 0.382 0.309 0.247 
103 ER CS 0.371 0.370 0.363 0.359 0.334 0.299 0.248 
201 ER CS 0.400 0.364 0.354 0.350 0.326 0.275 0.216 
304 ER CS 0.379 0.370 0.366 0.356 0.349 0.290 0.195 
403 ER CS 0.391 0.389 0.384 0.370 0.333 0.285 0.225 
104 ER MN 0.451 0.407 0.382 0.341 0.304 0.247 0.211 
203 ER MN 0.423 0.394 0.385 0.382 0.379 0.255 0.220 
302 ER MN 0.428 0.413 0.406 0.402 0.381 0.253 0.226 
406 ER MN 0.403 0.400 0.396 0.386 0.349 0.278 0.217 
101 ER MNP 0.425 0.421 0.413 0.395 0.365 0.319 0.276 
204 ER MNP 0.444 0.412 0.404 0.390 0.352 0.298 0.230 
305 ER MNP 0.470 0.429 0.424 0.419 0.329 0.261 0.219 
401 ER MNP 0.407 0.390 0.387 0.373 0.341 0.271 0.225 
102 ER PW 0.406 0.402 0.395 0.387 0.359 0.299 0.261 
206 ER PW 0.454 0.443 0.438 0.418 0.353 0.314 0.250 
303 ER PW 0.409 0.407 0.404 0.392 0.364 0.328 0.270 
405 ER PW 0.418 0.407 0.404 0.398 0.381 0.336 0.266 
105 ER SG 0.389 0.378 0.373 0.359 0.331 0.299 0.274 
202 ER SG 0.374 0.365 0.360 0.349 0.328 0.310 0.270 
306 ER SG 0.436 0.430 0.425 0.393 0.330 0.288 0.261 
402 ER SG 0.414 0.395 1.406 0.382 0.360 0.230 0.193 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 14 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the harvest of soybean in 2014 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106 ER CNT 0.389 0.376 0.375 0.371 0.348 0.269 0.231 
205 ER CNT 0.426 0.420 0.409 0.382 0.345 0.292 0.252 
301 ER CNT 0.413 0.405 0.398 0.382 0.353 0.298 0.229 
404 ER CNT 0.406 0.377 0.374 0.369 0.352 0.248 0.201 
103 ER CS 0.368 0.364 0.357 0.305 0.256 0.230 0.181 
201 ER CS 0.385 0.382 0.377 0.367 0.344 0.262 0.224 
304 ER CS 0.408 0.392 0.385 0.381 0.360 0.266 0.223 
403 ER CS 0.407 0.389 0.381 0.376 0.348 0.257 0.206 
104 ER MN 0.375 0.365 0.357 0.351 0.348 0.265 0.214 
203 ER MN 0.373 0.367 0.358 0.340 0.312 0.279 0.248 
302 ER MN 0.402 0.402 0.394 0.376 0.352 0.280 0.249 
406 ER MN 0.378 0.375 0.372 0.360 0.337 0.288 0.253 
101 ER MNP 0.424 0.416 0.401 0.372 0.336 0.269 0.237 
204 ER MNP 0.377 0.373 0.370 0.360 0.339 0.301 0.229 
305 ER MNP 0.445 0.421 0.413 0.398 0.373 0.274 0.214 
401 ER MNP 0.375 0.357 0.350 0.344 0.318 0.253 0.203 
102 ER PW 0.331 0.313 0.305 0.297 0.291 0.238 0.190 
206 ER PW 0.409 0.405 0.398 0.370 0.341 0.262 0.206 
303 ER PW 0.423 0.408 0.400 0.395 0.353 0.259 0.244 
405 ER PW 0.399 0.398 0.394 0.380 0.350 0.294 0.208 
105 ER SG 0.397 0.392 0.388 0.378 0.346 0.303 0.281 
202 ER SG 0.431 0.426 0.420 0.390 0.352 0.251 0.215 
306 ER SG 0.414 0.398 0.388 0.361 0.323 0.297 0.227 
402 ER SG 0.392 0.379 0.371 0.367 0.344 0.274 0.226 
       CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 15 Soil water retention (SWR, m3 m-3) of soil for 0-7.5cm depth after the planting of soybean in 2015 at depositional (DP) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.496 0.487 0.479 0.462 0.446 0.420 0.392 
206 DP CNT 0.495 0.450 0.435 0.408 0.378 0.350 0.337 
303 DP CNT 0.472 0.441 0.426 0.413 0.390 0.373 0.323 
405 DP CNT 0.469 0.454 0.436 0.425 0.405 0.388 0.382 
106 DP CS 0.482 0.453 0.444 0.435 0.422 0.398 0.364 
203 DP CS 0.493 0.469 0.457 0.445 0.432 0.418 0.389 
301 DP CS 0.489 0.477 0.463 0.432 0.394 0.360 0.343 
404 DP CS 0.504 0.494 0.479 0.470 0.460 0.427 0.399 
105 DP MN 0.503 0.486 0.483 0.468 0.461 0.441 0.423 
201 DP MN 0.556 0.510 0.495 0.465 0.441 0.418 0.387 
302 DP MN 0.511 0.458 0.441 0.414 0.391 0.373 0.354 
403 DP MN 0.507 0.486 0.474 0.461 0.447 0.427 0.395 
103 DP MNP 0.511 0.498 0.494 0.490 0.474 0.437 0.413 
204 DP MNP 0.494 0.473 0.466 0.451 0.438 0.419 0.398 
306 DP MNP 0.511 0.493 0.484 0.467 0.445 0.427 0.402 
401 DP MNP 0.522 0.486 0.473 0.450 0.431 0.419 0.394 
101 DP PW 0.504 0.491 0.485 0.479 0.469 0.446 0.407 
205 DP PW 0.466 0.446 0.442 0.433 0.417 0.402 0.353 
304 DP PW 0.491 0.473 0.466 0.453 0.439 0.424 0.396 
402 DP PW 0.530 0.512 0.507 0.498 0.481 0.459 0.433 
104 DP SG 0.456 0.445 0.433 0.425 0.417 0.403 0.384 
202 DP SG 0.490 0.471 0.461 0.448 0.436 0.425 0.396 
305 DP SG 0.485 0.471 0.462 0.453 0.438 0.404 0.374 
406 DP SG 0.506 0.483 0.466 0.434 0.401 0.381 0.353 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 16 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the planting of soybean in 2015 at depositional (DP) 
landscape position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.442 0.426 0.415 0.403 0.394 0.383 0.350 
206 DP CNT 0.481 0.467 0.459 0.440 0.421 0.392 0.351 
303 DP CNT 0.499 0.474 0.454 0.431 0.410 0.376 0.350 
405 DP CNT 0.496 0.468 0.456 0.445 0.427 0.401 0.375 
106 DP CS 0.499 0.481 0.469 0.459 0.444 0.427 0.402 
203 DP CS 0.513 0.472 0.452 0.433 0.407 0.390 0.359 
301 DP CS 0.549 0.536 0.529 0.517 0.503 0.471 0.420 
404 DP CS 0.500 0.476 0.464 0.435 0.413 0.395 0.369 
105 DP MN 0.546 0.523 0.489 0.474 0.458 0.433 0.392 
201 DP MN 0.444 0.421 0.410 0.391 0.375 0.358 0.333 
302 DP MN 0.459 0.439 0.426 0.416 0.405 0.390 0.364 
403 DP MN 0.510 0.484 0.476 0.456 0.441 0.428 0.401 
103 DP MNP 0.478 0.455 0.444 0.429 0.412 0.398 0.363 
204 DP MNP 0.525 0.504 0.495 0.480 0.468 0.438 0.410 
306 DP MNP 0.511 0.486 0.476 0.452 0.432 0.398 0.355 
401 DP MNP 0.482 0.454 0.448 0.438 0.428 0.418 0.399 
101 DP PW 0.499 0.482 0.473 0.465 0.454 0.427 0.391 
205 DP PW 0.529 0.466 0.480 0.461 0.434 0.406 0.377 
304 DP PW 0.512 0.486 0.475 0.454 0.435 0.410 0.388 
402 DP PW 0.474 0.440 0.417 0.400 0.385 0.368 0.344 
104 DP SG 0.458 0.440 0.431 0.423 0.409 0.388 0.372 
202 DP SG 0.502 0.478 0.453 0.431 0.415 0.400 0.353 
305 DP SG 0.497 0.481 0.476 0.462 0.432 0.401 0.391 
406 DP SG 0.478 0.454 0.454 0.450 0.439 0.402 0.376 
     CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 17 Soil water retention (SWR, m3 m-3) of soil for 0-7.5 cm depth after the planting of soybean in 2015 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106 ER CNT 0.395 0.367 0.355 0.335 0.303 0.260 0.235 
205 ER CNT 0.444 0.428 0.420 0.382 0.349 0.311 0.271 
301 ER CNT 0.435 0.404 0.386 0.359 0.293 0.260 0.226 
404 ER CNT 0.416 0.401 0.398 0.390 0.364 0.317 0.288 
103 ER CS 0.381 0.370 0.363 0.356 0.346 0.310 0.277 
201 ER CS 0.423 0.400 0.390 0.371 0.331 0.282 0.260 
304 ER CS 0.414 0.389 0.381 0.374 0.358 0.317 0.274 
403 ER CS 0.413 0.389 0.377 0.364 0.332 0.300 0.286 
104 ER MN 0.451 0.438 0.437 0.431 0.394 0.343 0.295 
203 ER MN 0.447 0.439 0.423 0.407 0.368 0.318 0.275 
302 ER MN 0.424 0.413 0.408 0.398 0.375 0.329 0.290 
406 ER MN 0.426 0.394 0.384 0.370 0.336 0.293 0.282 
101 ER MNP 0.425 0.405 0.397 0.375 0.342 0.301 0.273 
204 ER MNP 0.444 0.429 0.419 0.385 0.336 0.294 0.275 
305 ER MNP 0.444 0.429 0.423 0.408 0.384 0.344 0.303 
401 ER MNP 0.401 0.392 0.383 0.372 0.353 0.328 0.293 
102 ER PW 0.442 0.415 0.403 0.379 0.340 0.308 0.291 
206 ER PW 0.403 0.392 0.384 0.378 0.364 0.334 0.296 
303 ER PW 0.439 0.394 0.362 0.324 0.268 0.245 0.205 
405 ER PW 0.420 0.398 0.393 0.384 0.372 0.328 0.286 
105 ER SG 0.431 0.408 0.394 0.369 0.325 0.284 0.270 
202 ER SG 0.430 0.418 0.412 0.392 0.357 0.320 0.286 
306 ER SG 0.437 0.427 0.420 0.406 0.380 0.328 0.296 
402 ER SG 0.431 0.404 0.387 0.349 0.291 0.244 0.222 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 18 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the planting of soybean in 2015 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106 ER CN 0.434 0.417 0.409 0.392 0.364 0.314 0.275 
205 ER CN 0.402 0.376 0.364 0.354 0.345 0.316 0.251 
301 ER CN 0.429 0.401 0.391 0.361 0.324 0.296 0.261 
404 ER CN 0.433 0.420 0.415 0.403 0.376 0.322 0.287 
103 ER CS 0.414 0.409 0.402 0.382 0.349 0.299 0.283 
201 ER CS 0.460 0.446 0.436 0.402 0.369 0.323 0.276 
304 ER CS 0.420 0.410 0.404 0.376 0.349 0.313 0.287 
403 ER CS 0.440 0.430 0.428 0.412 0.381 0.344 0.295 
104 ER MN 0.418 0.400 0.388 0.362 0.333 0.305 0.289 
203 ER MN 0.422 0.410 0.406 0.395 0.376 0.338 0.294 
302 ER MN 0.421 0.408 0.393 0.379 0.353 0.331 0.296 
406 ER MN 0.443 0.433 0.426 0.410 0.389 0.341 0.300 
101 ER MNP 0.435 0.418 0.410 0.393 0.368 0.316 0.268 
204 ER MNP 0.414 0.403 0.393 0.370 0.342 0.321 0.284 
305 ER MNP 0.423 0.408 0.406 0.383 0.353 0.322 0.289 
401 ER MNP 0.458 0.425 0.412 0.393 0.366 0.325 0.287 
102 ER PW 0.456 0.440 0.431 0.417 0.381 0.341 0.293 
206 ER PW 0.411 0.395 0.389 0.373 0.351 0.316 0.284 
303 ER PW 0.426 0.409 0.405 0.386 0.359 0.330 0.310 
405 ER PW 0.404 0.395 0.387 0.377 0.351 0.320 0.290 
105 ER SG 0.431 0.420 0.413 0.393 0.362 0.330 0.315 
202 ER SG 0.417 0.408 0.406 0.391 0.366 0.336 0.314 
306 ER SG 0.432 0.421 0.415 0.399 0.368 0.307 0.272 
402 ER SG 0.417 0.381 0.370 0.347 0.310 0.289 0.272 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 19 Soil water retention (SWR, m3 m-3) of soil for 0-7.5 cm depth after the harvesting of soybean in 2015 at depositional (DP) 
landscape position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.476 0.457 0.437 0.418 0.403 0.382 0.350 
206 DP CNT 0.462 0.454 0.447 0.435 0.427 0.416 0.394 
303 DP CNT 0.536 0.503 0.486 0.464 0.447 0.424 0.386 
405 DP CNT 0.512 0.495 0.487 0.472 0.458 0.439 0.408 
106 DP CS 0.511 0.502 0.492 0.474 0.461 0.439 0.409 
203 DP CS 0.514 0.492 0.471 0.454 0.436 0.404 0.351 
301 DP CS 0.482 0.452 0.422 0.422 0.399 0.379 0.357 
404 DP CS 0.518 0.495 0.471 0.444 0.404 0.374 0.351 
105 DP MN 0.484 0.467 0.452 0.430 0.393 0.373 0.359 
201 DP MN 0.524 0.509 0.460 0.430 0.411 0.390 0.364 
302 DP MN 0.545 0.512 0.493 0.474 0.444 0.412 0.363 
403 DP MN 0.541 0.510 0.500 0.476 0.450 0.424 0.408 
103 DP MNP 0.521 0.501 0.483 0.465 0.431 0.398 0.370 
204 DP MNP 0.477 0.457 0.429 0.404 0.367 0.340 0.316 
306 DP MNP 0.506 0.478 0.462 0.433 0.410 0.385 0.361 
401 DP MNP 0.507 0.477 0.435 0.435 0.414 0.391 0.368 
101 DP PW 0.457 0.444 0.424 0.391 0.369 0.353 0.322 
205 DP PW 0.538 0.514 0.485 0.466 0.432 0.400 0.367 
304 DP PW 0.520 0.474 0.460 0.436 0.414 0.362 0.331 
402 DP PW 0.546 0.516 0.501 0.474 0.450 0.433 0.405 
104 DP SG 0.484 0.462 0.444 0.420 0.387 0.340 0.305 
202 DP SG 0.507 0.492 0.465 0.426 0.398 0.365 0.336 
305 DP SG 0.539 0.512 0.510 0.479 0.452 0.398 0.376 
406 DP SG 0.494 0.485 0.464 0.446 0.416 0.388 0.369 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 20 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the harvesting of soybean in 2015 at depositional (DP) 
landscape position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
102 DP CNT 0.497 0.480 0.465 0.441 0.414 0.396 0.366 
206 DP CNT 0.510 0.488 0.474 0.454 0.438 0.421 0.379 
303 DP CNT 0.446 0.423 0.411 0.399 0.384 0.366 0.342 
405 DP CNT 0.473 0.450 0.436 0.413 0.392 0.377 0.345 
106 DP CS 0.488 0.472 0.454 0.439 0.427 0.417 0.401 
203 DP CS 0.479 0.464 0.445 0.435 0.423 0.402 0.378 
301 DP CS 0.496 0.472 0.466 0.452 0.428 0.388 0.344 
404 DP CS 0.508 0.492 0.492 0.473 0.452 0.421 0.399 
105 DP MN 0.535 0.521 0.512 0.496 0.471 0.444 0.396 
201 DP MN 0.484 0.474 0.467 0.453 0.440 0.423 0.396 
302 DP MN 0.496 0.477 0.467 0.456 0.446 0.430 0.405 
403 DP MN 0.507 0.483 0.464 0.436 0.413 0.390 0.361 
103 DP MNP 0.490 0.477 0.470 0.460 0.452 0.437 0.417 
204 DP MNP 0.500 0.479 0.462 0.438 0.423 0.390 0.357 
306 DP MNP 0.461 0.445 0.427 0.403 0.388 0.367 0.345 
401 DP MNP 0.493 0.476 0.456 0.432 0.414 0.386 0.362 
101 DP PW 0.512 0.494 0.485 0.470 0.450 0.414 0.379 
205 DP PW 0.500 0.486 0.473 0.454 0.432 0.389 0.373 
304 DP PW 0.458 0.445 0.411 0.386 0.369 0.342 0.316 
402 DP PW 0.462 0.451 0.446 0.437 0.428 0.413 0.386 
104 DP SG 0.497 0.473 0.462 0.456 0.447 0.428 0.399 
202 DP SG 0.444 0.412 0.394 0.372 0.358 0.345 0.326 
305 DP SG 0.506 0.492 0.464 0.464 0.439 0.418 0.373 
406 DP SG 0.500 0.470 0.462 0.421 0.397 0.373 0.338 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A.2 21 Soil water retention (SWR, m3 m-3) of soil for 0-7.5 cm depth after the harvesting of soybean in 2015 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
    Soil water pressure (kPa) 
Plot Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106 ER CNT 0.413 0.401 0.385 0.374 0.361 0.335 0.265 
205 ER CNT 0.346 0.334 0.302 0.302 0.269 0.245 0.204 
301 ER CNT 0.404 0.387 0.378 0.378 0.356 0.300 0.266 
404 ER CNT 0.385 0.365 0.358 0.347 0.328 0.296 0.257 
103 ER CS 0.429 0.417 0.408 0.408 0.376 0.325 0.270 
201 ER CS 0.429 0.415 0.403 0.403 0.357 0.303 0.271 
304 ER CS 0.422 0.402 0.396 0.396 0.378 0.329 0.284 
403 ER CS 0.413 0.395 0.383 0.368 0.338 0.310 0.284 
104 ER MN 0.452 0.439 0.429 0.406 0.377 0.321 0.268 
203 ER MN 0.383 0.374 0.368 0.368 0.344 0.310 0.260 
302 ER MN 0.391 0.368 0.356 0.349 0.338 0.301 0.258 
406 ER MN 0.438 0.420 0.381 0.381 0.338 0.287 0.247 
101 ER MNP 0.445 0.410 0.400 0.374 0.358 0.323 0.270 
204 ER MNP 0.428 0.409 0.395 0.386 0.358 0.335 0.289 
305 ER MNP 0.456 0.420 0.401 0.377 0.336 0.299 0.271 
401 ER MNP 0.441 0.423 0.390 0.390 0.340 0.305 0.284 
102 ER PW 0.398 0.376 0.361 0.343 0.317 0.277 0.252 
206 ER PW 0.386 0.371 0.354 0.354 0.339 0.267 0.233 
303 ER PW 0.437 0.414 0.405 0.398 0.372 0.331 0.282 
405 ER PW 0.407 0.385 0.374 0.359 0.315 0.271 0.243 
105 ER SG 0.411 0.399 0.383 0.383 0.365 0.330 0.280 
202 ER SG 0.392 0.372 0.372 0.352 0.349 0.283 0.256 
306 ER SG 0.440 0.396 0.381 0.362 0.318 0.281 0.244 
402 ER SG 0.380 0.365 0.353 0.342 0.326 0.307 0.262 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar. 
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A2. 22 Soil water retention (SWR, m3 m-3) of soil for 7.5-15 cm depth after the harvesting of soybean in 2015 at eroded (ER) landscape 
position. 
REP, replication; TRT, treatment 
 
     Soil water pressure (kPa) 
Plot  Location TRT 0  -0.04  -0.1 -2.5 -5.0  -10 -30 
106  ER CNT 0.383 0.373 0.367 0.360 0.354 0.338 0.288 
205  ER CNT 0.357 0.347 0.337 0.327 0.307 0.269 0.235 
301  ER CNT 0.375 0.367 0.355 0.353 0.348 0.302 0.271 
404  ER CNT 0.353 0.343 0.337 0.337 0.330 0.299 0.254 
103  ER CS 0.388 0.373 0.361 0.351 0.312 0.277 0.234 
201  ER CS 0.388 0.376 0.366 0.366 0.353 0.311 0.290 
304  ER CS 0.340 0.328 0.318 0.318 0.299 0.246 0.217 
403  ER CS 0.392 0.380 0.373 0.365 0.358 0.310 0.270 
104  ER MN 0.400 0.383 0.375 0.365 0.352 0.314 0.273 
203  ER MN 0.363 0.349 0.340 0.333 0.320 0.282 0.235 
302  ER MN 0.350 0.330 0.316 0.299 0.285 0.275 0.262 
406  ER MN 0.346 0.334 0.322 0.322 0.303 0.248 0.183 
101  ER MNP 0.357 0.330 0.323 0.305 0.283 0.266 0.242 
204  ER MNP 0.374 0.364 0.355 0.343 0.331 0.305 0.280 
305  ER MNP 0.366 0.355 0.346 0.334 0.316 0.289 0.229 
401  ER MNP 0.390 0.376 0.357 0.339 0.325 0.303 0.273 
102  ER PW 0.375 0.368 0.363 0.355 0.347 0.322 0.300 
206  ER PW 0.395 0.379 0.365 0.335 0.298 0.260 0.231 
303  ER PW 0.393 0.374 0.368 0.357 0.336 0.289 0.236 
405  ER PW 0.389 0.377 0.370 0.370 0.361 0.311 0.272 
105  ER SG 0.392 0.379 0.372 0.353 0.331 0.286 0.233 
202  ER SG 0.366 0.355 0.346 0.333 0.318 0.291 0.263 
306  ER SG 0.361 0.351 0.335 0.320 0.296 0.270 0.256 
402  ER SG 0.392 0.378 0.364 0.349 0.320 0.291 0.263 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood biochar; SG, switchgrass biochar
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A.2 23 Pore size distribution (PSD, m3 m-3) of soil for 0-7.5 cm depth after the harvesting 
of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 DP CNT 0.002 0.014 0.083 0.331 
206 DP CNT 0.019 0.033 0.040 0.347 
303 DP CNT 0.021 0.056 0.060 0.315 
405 DP CNT 0.002 0.017 0.101 0.332 
106 DP CS 0.009 0.024 0.028 0.388 
203 DP CS 0.002 0.029 0.022 0.395 
301 DP CS 0.003 0.030 0.058 0.386 
404 DP CS 0.011 0.040 0.051 0.360 
105 DP MN 0.017 0.047 0.093 0.353 
201 DP MN 0.040 0.052 0.051 0.373 
302 DP MN 0.012 0.067 0.055 0.374 
403 DP MN 0.015 0.039 0.073 0.366 
103 DP MNP 0.014 0.035 0.026 0.421 
204 DP MNP 0.020 0.035 0.110 0.356 
306 DP MNP 0.012 0.035 0.027 0.406 
401 DP MNP 0.004 0.028 0.099 0.350 
101 DP PW 0.009 0.023 0.043 0.394 
205 DP PW 0.004 0.021 0.033 0.407 
304 DP PW 0.004 0.046 0.026 0.419 
402 DP PW 0.023 0.074 0.064 0.380 
104 DP SG 0.005 0.012 0.036 0.430 
202 DP SG 0.007 0.033 0.115 0.372 
305 DP SG 0.034 0.044 0.115 0.352 
406 DP SG 0.000 0.018 0.041 0.413 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 24 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the harvesting 
of soybean in 2014 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 DP CNT 0.009 0.033 0.033 0.406 
206 DP CNT 0.008 0.064 0.188 0.235 
303 DP CNT 0.027 0.069 0.052 0.343 
405 DP CNT 0.006 0.027 0.025 0.403 
106 DP CS 0.003 0.033 0.028 0.398 
203 DP CS 0.016 0.035 0.091 0.374 
301 DP CS 0.027 0.041 0.046 0.422 
404 DP CS 0.005 0.015 0.034 0.454 
105 DP MN 0.014 0.020 0.024 0.404 
201 DP MN 0.014 0.035 0.065 0.386 
302 DP MN 0.017 0.037 0.062 0.343 
403 DP MN 0.003 0.012 0.019 0.410 
103 DP MNP 0.001 0.018 0.034 0.401 
204 DP MNP 0.025 0.080 0.096 0.371 
306 DP MNP 0.017 0.051 0.080 0.377 
401 DP MNP 0.001 0.012 0.025 0.408 
101 DP PW 0.014 0.019 0.022 0.411 
205 DP PW 0.005 0.013 0.045 0.386 
304 DP PW 0.016 0.035 0.138 0.339 
402 DP PW 0.011 0.031 0.053 0.349 
104 DP SG 0.001 0.017 0.032 0.387 
202 DP SG 0.009 0.016 0.098 0.322 
305 DP SG 0.022 0.054 0.076 0.421 
406 DP SG 0.020 0.041 0.140 0.316 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 26 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the harvesting 
of soybean in 2014 at eroded (ER) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
106 ER CNT 0.013 0.027 0.118 0.231 
205 ER CNT 0.006 0.075 0.093 0.252 
301 ER CNT 0.007 0.052 0.124 0.229 
404 ER CNT 0.029 0.025 0.151 0.201 
103 ER CS 0.004 0.108 0.074 0.181 
201 ER CS 0.003 0.038 0.120 0.224 
304 ER CS 0.015 0.033 0.137 0.223 
403 ER CS 0.018 0.041 0.142 0.206 
104 ER MN 0.009 0.018 0.133 0.214 
203 ER MN 0.006 0.055 0.063 0.248 
302 ER MN 0.001 0.050 0.103 0.249 
406 ER MN 0.003 0.038 0.084 0.253 
101 ER MNP 0.009 0.080 0.099 0.237 
204 ER MNP 0.003 0.034 0.110 0.229 
305 ER MNP 0.024 0.048 0.159 0.214 
401 ER MNP 0.018 0.039 0.115 0.203 
102 ER PW 0.017 0.022 0.101 0.190 
206 ER PW 0.003 0.064 0.136 0.206 
303 ER PW 0.015 0.055 0.109 0.244 
405 ER PW 0.001 0.049 0.142 0.208 
105 ER SG 0.005 0.046 0.065 0.281 
202 ER SG 0.006 0.074 0.137 0.215 
306 ER SG 0.015 0.076 0.095 0.227 
402 ER SG 0.013 0.034 0.118 0.226 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 27 Pore size distribution (PSD, m3 m-3) of soil for 0-7.5 cm depth after the planting 
of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 ER CNT 0.008 0.042 0.054 0.392 
206 ER CNT 0.045 0.072 0.040 0.337 
303 ER CNT 0.032 0.050 0.067 0.323 
405 ER CNT 0.015 0.049 0.023 0.382 
106 ER CS 0.030 0.031 0.058 0.364 
203 ER CS 0.024 0.036 0.043 0.389 
301 ER CS 0.012 0.082 0.051 0.343 
404 ER CS 0.010 0.034 0.061 0.399 
105 ER MN 0.016 0.025 0.039 0.423 
201 ER MN 0.046 0.069 0.054 0.387 
302 ER MN 0.054 0.067 0.037 0.354 
403 ER MN 0.022 0.038 0.053 0.395 
103 ER MNP 0.012 0.024 0.061 0.413 
204 ER MNP 0.020 0.035 0.040 0.398 
306 ER MNP 0.018 0.048 0.043 0.402 
401 ER MNP 0.036 0.055 0.037 0.394 
101 ER PW 0.013 0.022 0.062 0.407 
205 ER PW 0.019 0.029 0.064 0.353 
304 ER PW 0.018 0.034 0.042 0.396 
402 ER PW 0.018 0.031 0.048 0.433 
104 ER SG 0.010 0.028 0.034 0.384 
202 ER SG 0.018 0.035 0.040 0.396 
305 ER SG 0.014 0.033 0.064 0.374 
406 ER SG 0.023 0.083 0.048 0.353 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 28 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the planting 
of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 DP CNT 0.017 0.032 0.044 0.350 
206 DP CNT 0.014 0.046 0.071 0.351 
303 DP CNT 0.025 0.065 0.060 0.350 
405 DP CNT 0.028 0.041 0.051 0.375 
106 DP CS 0.018 0.037 0.042 0.402 
203 DP CS 0.040 0.065 0.049 0.359 
301 DP CS 0.013 0.033 0.082 0.420 
404 DP CS 0.023 0.063 0.044 0.369 
105 DP MN 0.023 0.065 0.066 0.392 
201 DP MN 0.023 0.046 0.042 0.333 
302 DP MN 0.020 0.033 0.041 0.364 
403 DP MN 0.025 0.043 0.040 0.401 
103 DP MNP 0.023 0.042 0.049 0.363 
204 DP MNP 0.020 0.036 0.058 0.410 
306 DP MNP 0.025 0.055 0.077 0.355 
401 DP MNP 0.028 0.027 0.028 0.399 
101 DP PW 0.017 0.029 0.062 0.391 
205 DP PW 0.063 0.032 0.057 0.377 
304 DP PW 0.026 0.051 0.047 0.388 
402 DP PW 0.034 0.055 0.040 0.344 
104 DP SG 0.018 0.031 0.036 0.372 
202 DP SG 0.024 0.064 0.062 0.353 
305 DP SG 0.017 0.049 0.042 0.391 
406 DP SG 0.024 0.015 0.063 0.376 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 29 Pore size distribution (PSD, m3 m-3) of soil for 0-7.5 cm depth after the planting 
of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
106 ER CNT 0.028 0.064 0.068 0.235 
205 ER CNT 0.016 0.079 0.078 0.271 
301 ER CNT 0.031 0.111 0.068 0.226 
404 ER CNT 0.015 0.036 0.076 0.288 
103 ER CS 0.010 0.024 0.069 0.277 
201 ER CS 0.023 0.069 0.071 0.260 
304 ER CS 0.024 0.031 0.084 0.274 
403 ER CS 0.024 0.057 0.045 0.286 
104 ER MN 0.013 0.044 0.099 0.295 
203 ER MN 0.008 0.071 0.093 0.275 
302 ER MN 0.011 0.038 0.086 0.290 
406 ER MN 0.031 0.058 0.054 0.282 
101 ER MNP 0.021 0.062 0.069 0.273 
204 ER MNP 0.015 0.093 0.061 0.275 
305 ER MNP 0.015 0.045 0.081 0.303 
401 ER MNP 0.008 0.039 0.060 0.293 
102 ER PW 0.027 0.076 0.049 0.291 
206 ER PW 0.012 0.028 0.069 0.296 
303 ER PW 0.046 0.125 0.063 0.205 
405 ER PW 0.022 0.026 0.086 0.286 
105 ER SG 0.023 0.083 0.055 0.270 
202 ER SG 0.012 0.061 0.071 0.286 
306 ER SG 0.010 0.047 0.084 0.296 
402 ER SG 0.027 0.113 0.069 0.222 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 30 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the planting 
of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
106 ER CNT 0.017 0.053 0.089 0.275 
205 ER CNT 0.026 0.031 0.094 0.251 
301 ER CNT 0.027 0.077 0.063 0.261 
404 ER CNT 0.013 0.044 0.089 0.287 
103 ER CS 0.006 0.060 0.066 0.283 
201 ER CS 0.014 0.077 0.093 0.276 
304 ER CS 0.009 0.062 0.061 0.287 
403 ER CS 0.010 0.050 0.086 0.295 
104 ER MN 0.018 0.067 0.044 0.289 
203 ER MN 0.012 0.034 0.082 0.294 
302 ER MN 0.013 0.054 0.057 0.296 
406 ER MN 0.011 0.044 0.089 0.300 
101 ER MNP 0.017 0.051 0.099 0.268 
204 ER MNP 0.011 0.061 0.058 0.284 
305 ER MNP 0.015 0.055 0.064 0.289 
401 ER MNP 0.033 0.059 0.079 0.287 
102 ER PW 0.016 0.059 0.089 0.293 
206 ER PW 0.015 0.044 0.068 0.284 
303 ER PW 0.016 0.050 0.050 0.310 
405 ER PW 0.009 0.043 0.061 0.290 
105 ER SG 0.010 0.058 0.047 0.315 
202 ER SG 0.008 0.042 0.053 0.314 
306 ER SG 0.011 0.053 0.095 0.272 
402 ER SG 0.036 0.071 0.038 0.272 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 31 Pore size distribution (PSD, m3 m-3) of soil for 0-7.5 cm depth after the harvesting 
of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 DP CNT 0.019 0.054 0.053 0.350 
206 DP CNT 0.008 0.027 0.033 0.394 
303 DP CNT 0.033 0.056 0.061 0.386 
405 DP CNT 0.017 0.037 0.050 0.408 
106 DP CS 0.009 0.041 0.051 0.409 
203 DP CS 0.022 0.056 0.084 0.351 
301 DP CS 0.030 0.052 0.042 0.357 
404 DP CS 0.023 0.092 0.053 0.351 
105 DP MN 0.017 0.074 0.035 0.359 
201 DP MN 0.015 0.098 0.047 0.364 
302 DP MN 0.033 0.068 0.082 0.363 
403 DP MN 0.031 0.061 0.041 0.408 
103 DP MNP 0.020 0.070 0.061 0.370 
204 DP MNP 0.021 0.089 0.051 0.316 
306 DP MNP 0.028 0.068 0.048 0.361 
401 DP MNP 0.030 0.063 0.046 0.368 
101 DP PW 0.013 0.075 0.047 0.322 
205 DP PW 0.023 0.082 0.065 0.367 
304 DP PW 0.046 0.060 0.083 0.331 
402 DP PW 0.029 0.066 0.045 0.405 
104 DP SG 0.022 0.075 0.083 0.305 
202 DP SG 0.015 0.094 0.062 0.336 
305 DP SG 0.027 0.060 0.076 0.376 
406 DP SG 0.009 0.069 0.047 0.369 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 32 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the 
harvesting of soybean in 2015 at depositional (DP) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
102 DP CNT 0.018 0.066 0.048 0.366 
206 DP CNT 0.021 0.051 0.058 0.379 
303 DP CNT 0.024 0.039 0.042 0.342 
405 DP CNT 0.023 0.057 0.047 0.345 
106 DP CS 0.016 0.045 0.026 0.401 
203 DP CS 0.015 0.042 0.045 0.378 
301 DP CS 0.024 0.045 0.084 0.344 
404 DP CS 0.016 0.039 0.053 0.399 
105 DP MN 0.014 0.050 0.075 0.396 
201 DP MN 0.010 0.034 0.043 0.396 
302 DP MN 0.019 0.031 0.040 0.405 
403 DP MN 0.024 0.071 0.052 0.361 
103 DP MNP 0.013 0.025 0.035 0.417 
204 DP MNP 0.021 0.056 0.067 0.357 
306 DP MNP 0.017 0.057 0.043 0.345 
401 DP MNP 0.016 0.062 0.052 0.362 
101 DP PW 0.018 0.044 0.071 0.379 
205 DP PW 0.013 0.054 0.059 0.373 
304 DP PW 0.013 0.076 0.054 0.316 
402 DP PW 0.011 0.023 0.041 0.386 
104 DP SG 0.025 0.026 0.048 0.399 
202 DP SG 0.032 0.055 0.031 0.326 
305 DP SG 0.014 0.053 0.065 0.373 
406 DP SG 0.029 0.073 0.059 0.338 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 33 Pore size distribution (PSD, m3 m-3) of soil for 0-7.5 cm depth after the harvesting 
of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
106 ER CNT 0.013 0.039 0.096 0.265 
205 ER CNT 0.011 0.065 0.065 0.204 
301 ER CNT 0.017 0.031 0.089 0.266 
404 ER CNT 0.020 0.038 0.071 0.257 
103 ER CS 0.012 0.041 0.106 0.270 
201 ER CS 0.014 0.058 0.086 0.271 
304 ER CS 0.020 0.024 0.094 0.284 
403 ER CS 0.018 0.057 0.054 0.284 
104 ER MN 0.013 0.062 0.110 0.268 
203 ER MN 0.009 0.030 0.084 0.260 
302 ER MN 0.023 0.030 0.080 0.258 
406 ER MN 0.017 0.082 0.091 0.247 
101 ER MNP 0.035 0.051 0.088 0.270 
204 ER MNP 0.020 0.050 0.069 0.289 
305 ER MNP 0.036 0.085 0.065 0.271 
401 ER MNP 0.018 0.083 0.056 0.284 
102 ER PW 0.022 0.060 0.064 0.252 
206 ER PW 0.014 0.033 0.105 0.233 
303 ER PW 0.023 0.041 0.091 0.282 
405 ER PW 0.022 0.069 0.072 0.243 
105 ER SG 0.012 0.034 0.085 0.280 
202 ER SG 0.020 0.023 0.093 0.256 
306 ER SG 0.044 0.078 0.074 0.244 
402 ER SG 0.015 0.038 0.064 0.262 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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A2. 34 Pore size distribution (PSD, m3 m-3) of soil for 7.5-15 cm depth after the 
harvesting of soybean in 2015 at eroded (ER) landscape position. 
REP, replication; TRT, treatment 
 
Plot Location TRT 
Macropores 
(>1000 µm) 
Coarse 
Mesopores 
(60-1000 
µm) 
Fine 
Mesopores 
(10-60 
µm) 
Micropores 
(<10 µm) 
106 ER CNT 0.010 0.019 0.065 0.288 
205 ER CNT 0.010 0.040 0.072 0.235 
301 ER CNT 0.008 0.019 0.076 0.271 
404 ER CNT 0.010 0.013 0.076 0.254 
103 ER CS 0.015 0.062 0.078 0.234 
201 ER CS 0.012 0.024 0.062 0.290 
304 ER CS 0.011 0.029 0.081 0.217 
403 ER CS 0.011 0.022 0.088 0.270 
104 ER MN 0.017 0.031 0.079 0.273 
203 ER MN 0.014 0.029 0.085 0.235 
302 ER MN 0.020 0.045 0.024 0.262 
406 ER MN 0.012 0.031 0.120 0.183 
101 ER MNP 0.027 0.047 0.041 0.242 
204 ER MNP 0.010 0.033 0.052 0.280 
305 ER MNP 0.011 0.039 0.087 0.229 
401 ER MNP 0.014 0.051 0.052 0.273 
102 ER PW 0.007 0.021 0.047 0.300 
206 ER PW 0.016 0.081 0.067 0.231 
303 ER PW 0.019 0.038 0.099 0.236 
405 ER PW 0.012 0.017 0.089 0.272 
105 ER SG 0.013 0.049 0.098 0.233 
202 ER SG 0.011 0.038 0.055 0.263 
306 ER SG 0.010 0.055 0.040 0.256 
402 ER SG 0.014 0.057 0.057 0.263 
CNT, control; CS, corn stover biochar; MN, manure; MNP, manure + pinewood biochar; PW, pinewood 
biochar; SG, switchgrass biochar. 
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APPENDIX 3 
 
 
Figure 3.3.1 Sample preparation for carbon and nitrogen fractions analysis. 
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Figure 3.3.2 Filtering samples for carbon and nitrogen fractions analysis. 
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Figure 3.33 Centrifuge machine used to centrifuge samples for carbon and nitrogen 
fractions analysis. 
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Figure 3.3.4 Taking core samples from field to analyze bulk density and soil water 
retention of soil. 
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Figure 3.3.5 Measuring soil water infiltration rate in the field using double ring method.  
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Figure 3.3.6 Measuring soil penetration resistance in the field using hand penetrometer. 
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Figure 3.3.7 Plot layout at the depositional landscape position. 
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Figure 3.3.8 Plot layout at the eroded landscape position.
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A3.3.9 SAS codes used to run all the statistics 
 
i) Data one; 
Input Rep BD Trt_; 
Cards; 
 
; 
Proc print; 
Proc glimmix; 
Class Rep Trt_; 
Model BD = Trt_ ; 
random Rep; 
lsmeansTtrt_ / diff; 
lsmeans Trt_ / bylevel lines; 
run; 
                   
                   Rep, replication; BD, parameter; Trt, treatment 
 
ii) Data; 
Input Trt Rep BD Trt2; 
Cards; 
 
; 
Proc glm; 
Class Rep Trt2; 
Model BD =Trt2 Rep Rep*Trt2; 
Run; 
; 
 
test h = Trt2 e = Rep*Trt2; 
lsmeans Trt2/Stderr e = Rep*Trt2; 
Means Trt2 Rep*Trt2/Duncan alpha = 0.05; 
run; 
 
Contrast 'MN vs CNT' Trt2 1 -1 0 / e = Rep*Trt2; 
Contrast 'B vs CNT' Trt2 1 0 -1 / e = Rep*Trt2; 
Contrast 'MN vs B' Trt2 0 1 -1 / e = Rep*Trt2; 
run; 
 
MN, manure; CNT, control; B, biochar 
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